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Introduction: Gastrointestinal (GI) infections are a significant burden both to the 
NHS and to society; affecting around a quarter of the UK population each year at an 
estimated cost of £1.5 billion. Socioeconomic inequalities in health are a serious 
problem and reducing such inequalities is high on the public health agenda in this 
country. Many infections are socially patterned but the role of socioeconomic 
inequalities in the risk of and exposure to GI infections is unclear, with published 
studies providing conflicting results. This thesis aims to investigate whether risk of 
or exposure to GI infections in the UK is socially patterned and if so, which sectors 
of society experience a greater burden of infection and through what mechanisms.     
 
Methods: I undertook novel analyses of existing UK-based high-quality and 
comprehensive secondary data on GI infections to explore the relationship between 
GI infections and socioeconomic status (SES) using a variety of analytical 
techniques. Study 1 explores the role of SES in risk of GI infections in high income 
countries through a systematic review and meta-analysis of 102 published studies 
using random- and fixed-effects meta-analysis and random-effects meta-regression. 
Study 2 assesses the association between SES and GI infections in a community 
cohort of 6,836 participants, using a Cox proportional hazards survival analysis 
approach. Study 3 presents results from an observational study utilising two NHS 
telephone-based services to explore the role of SES amongst individuals accessing 
remote health advice. Finally, Study 4 presents results of a case-study of a severe GI 
infection, Shiga toxin-producing Escherichia coli (STEC), to investigate 
socioeconomic patterning of risk factors for infection and to explore the role of 
demographic and socioeconomic factors in progression from STEC to a severe 
outcome, Haemolytic Uraemic Syndrome (HUS) in a separate cohort of paediatric 
HUS cases.  
 
Results: In high income countries, disadvantaged children but not adults had a 
significantly higher risk of GI infection compared to less disadvantaged children. In 
England, odds of calls to NHS helplines about GI infection symptoms in 
disadvantaged children and adults were significantly higher compared to their less 
disadvantaged counterparts. Disadvantaged adults were found to have lower risk of 
GI infections in the community cohort and both children and adults were less likely 
to be reported as having STEC infection or developing HUS. Overall, the results 
provide strong evidence to suggest that risk of GI infection differs by SES across the 
life course, with disadvantaged children at highest risk of GI infections. 
 
Conclusions: Disadvantaged children are at greater risk of GI infections compared to 
their more advantaged counterparts in the UK. The relationship between deprivation 
and risk of GI infection in adults is less clear. This thesis found that increased risk 
may relate to differential exposure, vulnerability or healthcare-seeking behaviours, 
including symptom recognition, across socioeconomic groups. This work has 
provided further insight into relationship between SES and GI infections and sets the 
direction for policies to reduce inequalities in GI illness in children and for more 
focussed research to deepen the understanding of the relationship particularly 
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1.1 Relevance of the issue  
Gastrointestinal (GI) infections, which cause diarrhoea, vomiting and occasionally 
more serious complications, are a public health concern. Globally, diarrhoeal disease 
is the second leading cause of death in children under five and is responsible for 
around 525,000 deaths each year in this age group (World Health Organisation, 
2017a) although this burden is felt particularly in low income countries. In high 
income countries, GI infections are common and mostly self-limiting; with 
morbidity, rather than mortality, being the most pressing public health concern.  
In the UK, which is the country on which this thesis focuses, GI infections are a 
significant burden both to the National Health Service (NHS) and society. Previous 
estimates suggest around 25% of people in the UK suffer an episode of infectious 
intestinal disease (IID) per year (Tam et al., 2011a), which equates to approximately 
17 million cases, and around one million General Practice (GP) consultations, 
annually (Tam et al., 2011a). It is estimated that 19 million days are lost each year: 
11 million working days  and  8 million absences from school (Tam et al., 2011a). 
Foodborne illness, a subset of IID, in England and Wales costs individuals, the 
economy and the NHS around £1.5 billion annually (Tam et al., 2011a). A large 
proportion of the burden of GI infection remains hidden; it is estimated that there are 
147 cases in the community for every one case that is reported to national 
surveillance (Tam et al., 2011a); many individuals do not present to healthcare.  
Socioeconomic inequalities in health, which are “differences in health status between 
different socioeconomic groups that are avoidable and unjust and as such are 
amenable to concerted action” (Whitehead, 1990), are increasingly recognised as 
significantly contributing to both the causes and consequences of morbidity and 
mortality (Dahlgren and Whitehead, 2007a, Wilkinson and Marmot, 2003). Indeed, 
using the London Underground as an analogy, area-level socioeconomic differences 
mean travelling just 20 minutes on the Central line from Lancaster Gate to Mile End 
represents a decrease in life expectancy of 12 years (Cheshire, 2012). The specific 
role of these socioeconomically-driven inequalities is well-understood for many 
diseases of both an infectious and non-infectious nature – with increasing 
disadvantage placing individuals at increased risk of, exposure to and consequences 
of diseases including cancer, coronary heart disease (Graham, 2009), human 
immunodeficiency virus and tuberculosis (Biering-Sørensen et al., 2012, Hughes and 




Gorton, 2015, Semenza, 2010). Despite this, the role of socioeconomically-driven 
inequalities is not well understood for GI infections.   
Despite interventions aimed at reducing the burden of GI infections, levels of GI 
infections have remained relatively stable over time, suggesting that new approaches 
to understand and tackle these infections must be sought. This thesis aims to 
investigate whether risk of or exposure to GI infections in the UK is socially 
patterned and if so, which sectors of society experience a greater burden of infection 
and by which mechanisms. The studies in this thesis are needed to identify effective 
policy entry points and understand the role played by structurally determined 
lifestyles in generating any observed inequalities in GI infections.     
1.2 Previous research and gaps in the literature 
Several studies have sought to understand the role of socioeconomic inequalities in 
risk of and exposure to GI infections in high income countries and a focus on 
socioeconomic inequalities as a driver of differential risk of GI infection has 
increased in recent years. Studies that have examined the relationship between 
socioeconomic status (SES) and risk of GI infection in high income countries have 
found conflicting results (Newman et al., 2015), with multiple studies finding no 
differential risk, and others reporting higher risk in more disadvantaged groups and 
lower risk in more disadvantaged groups. These studies are highly heterogeneous in 
terms of study design as well as in data sources and analytical methods, making it 
challenging to identify trends within this literature. It is also unclear whether the 
differing socioeconomic patterns reported in the literature reflect socioeconomic 
differences in risk of infection or rather differences in reporting of disease, exposure 
to risk factors and interaction with or access to healthcare services. Studies finding 
lower risk in more disadvantaged groups often cite differential exposure or 
ascertainment bias as the likely reason for this finding (de Wit et al., 2001a, Gillespie 
et al., 2008, Jalava et al., 2011, Simonsen et al., 2008, Spencer et al., 2012). Studies 
finding higher risk in more disadvantaged groups often also cite differential 
exposures as the main factor explaining results (Gillespie et al., 2010a, Simonsen et 
al., 2008), although others suggest findings could relate to differential healthcare 
interaction or differential disease severity (Beale et al., 2010, Herikstad et al., 2002).  




Whilst there is, as yet, no clear consensus on whether the risk of, or exposure to, GI 
infections varies by socioeconomic position, there is worrying evidence in the UK 
suggesting that the consequences of GI infections are greater amongst more 
disadvantaged groups in society, with children of parents from unskilled/manual 
social classes found to have twice the odds of norovirus-associated gastroenteritis 
compared to children of parents from non-manual social classes (Phillips et al., 
2011). Furthermore, hospital admissions for children with gastroenteritis were found 
to be almost twice as high in the most disadvantaged areas compared to the least 
disadvantaged (Olowokure et al., 1999).  
Like many diseases, GI infections arise from a complex interplay between host 
factors, individual behaviours and a varied set of exposures – all of which may 
interact to contribute to differential risk of disease. It is epidemiologically 
challenging to explore these individual and potentially multiplicative risks and 
exposures, particularly at the population level. Improvements in the amount and 
quality of both health and socioeconomic data in recent years, as well as the ability to 
perform linkage between numerous and vast datasets has increased the power and 
ability to study this topic. As our ability to link and research socioeconomic factors 
in more depth increases, so do the opportunities to better understand this topic.  
Given the high social and economic burden of GI infections, there is a need to 
understand whether socioeconomic inequalities in GI infections exist and what the 
extent and nature of any inequality identified is. The role of socioeconomic 
inequalities in risk of and exposure to GI infections in the UK is the primary focus of 
this thesis, with the aim to fill some of the gaps in the knowledge on this relationship. 
A variety of novel analyses of existing UK-based high-quality and comprehensive 
secondary data on GI infections (including community cohort data, NHS telephone-
based healthcare advice data and data from national enhanced surveillance systems) 
were conducted to assess the association between GI infections and SES. This thesis 
provides estimates of the role of socioeconomic inequalities in the risk of GI 
infection, suggests explanations for inequalities identified and presents the 
implications for policy of the findings. The results of this work contribute to enhance 
the evidence base on the role of SES in GI infections with the aim to ultimately 
inform policies and interventions to reduce the risk, vulnerability and social, 
economic and healthcare consequences of GI infections in the UK. 




1.3 Aim and objectives of this thesis 
The overall aim of this thesis is to investigate the existence, extent and nature of 
socioeconomic inequalities in risk of GI infections in the UK. The objectives of this 
thesis are therefore: 
1. To conduct a systematic review of existing evidence of socioeconomic 
inequalities in risk of GI infections in high income countries. 
2. To investigate the extent and nature of socioeconomic inequalities in risk of 
GI infections in the community in the UK, with estimates derived from the 
most up-to-date population-based household survey. 
3. To analyse the extent of, and mechanisms underlying, socioeconomic 
inequalities in risk of GI infections in the community, with estimates derived 
from routine data on members of the public seeking telephone-based 
healthcare advice in England. 
4. To explore the social patterning of clinical outcomes, healthcare contact and 
risk factors for a laboratory-confirmed, potentially severe, GI infection (Shiga 
toxin-producing Escherichia coli; STEC) and socio-demographic inequalities 
in risk of development of a serious sequela (Haemolytic Uraemic Syndrome; 
HUS) in England. 
5. To draw out policy implications and recommendations for further research 
into the role of socioeconomic inequalities in GI infections.  
1.4 Overview of the thesis 
Figure 1 provides an overview of the four empirical studies which comprise this 
thesis. In what follows, I summarise the content of each chapter of the thesis. 
- Chapter 2 (Literature review) provides a summary of the causes of health 
inequalities and an overview of GI epidemiology. A review of the existing 
literature on the role of socioeconomic inequalities in GI infections is 
presented and key gaps in the literature are highlighted.   
 
- Chapter 3 (Methods) describes each of the primary data sources and provides 
an overview of the analytical methods used in the subsequent empirical 
research chapters. 
 




- Chapter 4 (Study 1) presents the results of a systematic review and meta-
analysis of the evidence on the relationship between socioeconomic status 
and GI infections in high income countries. It discusses the findings, the 
limitations of the available evidence and recommendations for future studies 
investigating the role of socioeconomic inequalities in risk of GI infections. 
This addresses objective 1: to establish the current levels of knowledge. 
 
- Chapter 5 (Study 2) presents the results of the latest longitudinal population-
based survey of IID in the community in the UK. A survival analysis 
approach was undertaken to assess the role of SES in the risk of developing 
IID, accounting for differential follow-up time. This addresses objective 2: to 
provide the most up-to-date robust estimates of risk by SES within the 
community, derived from household survey data. 
 
- Chapter 6 (Study 3) presents the results of an observational study 
investigating socioeconomic inequalities in symptoms of diarrhoea and 
vomiting in the community accessing telephone-based advice using the NHS 
Direct and NHS 111 telephone services. This addresses objectives 3: to 
explore the role of socioeconomic inequalities in IID risk amongst members 
of the public seeking telephone-based healthcare advice. 
 
- Chapter 7 (Study 4) presents the results of an observational study of 
STEC cases in England, exploring the social patterning of exposures and risk 
factors for infection and the social patterning of the development of HUS. 
This addresses objectives 4: to explore the social patterning of exposures to 
GI infection and the sociodemographic inequalities in risk of progression to a 
severe sequela.  
 
- Chapter 8 (Discussion) provides a discussion of the results and key findings 
from the preceding four study chapters (Chapters 4-7). Strengths and 
limitations of the overall thesis are discussed. It also provides reflections on 
policy implications and recommendations for future research. 
 




- Additional appendices corresponding to each chapter are provided. Details of 
ethical approvals, search terms, questionnaires, additional analysis tables and 
publications from this thesis are provided.  
Through this thesis, I consolidate existing knowledge on risk of GI infections in high 
income countries, including syndromic definitions of GI infections which allows for 
any bias in terms of inequalities in healthcare interaction to be minimised. I explore 
inequalities in GI infections in England in terms of individuals who would not 
necessarily be captured by any national surveillance system using novel analyses of 
two comprehensive community- level datasets. Finally, I analyse data from a large 
national enhanced surveillance system for a specific laboratory-diagnosed GI 
pathogen to explore the social patterning of exposures in England. The role of 
socioeconomic status in the consequences of GI infections is outside the scope of this 
thesis.  I do not address inequalities in the risk of chronic or non-acute GI infections 
nor do I address inequalities in GI infections in low income countries.  






















Despite evidence to support the association between SES and health inequalities 
(Dahlgren and Whitehead, 2007a), the relationship between socio-economic status 
and individual or population- level risk for GI infections in high income countries is 
unclear. In particular, whilst there is some evidence to suggest that the consequences 
of GI infections are greater for more disadvantaged groups (Conway et al., 1990, 
Olowokure et al., 1999, Phillips et al., 2011) there is little evidence to link socio-
economic status to risk of or exposure to GI infections; where evidence does exist, 
the results are conflicting. Yet understanding the relationship between SES as a 
potentially modifiable factor and GI infections, as well as the mediating pathways 
from SES to risk or outcome is important to identify effective policy entry points.  
This chapter first describes the historical context to socioeconomic inequalities in 
infectious diseases in the UK. I then present some general theories as to the causes of 
health inequalities and the different mechanisms that may be operating to generate 
socioeconomic inequalities in health  as proposed in the Diderichsen model 
(Diderichsen et al., 2001). I then present an overview of GI epidemiology relevant to 
this thesis before focussing on the key literature exploring socioeconomic 
inequalities in the risk of GI infections in high income countries.  
2.2 Historical socioeconomic inequalities in infectious diseases 
There is a long tradition of acknowledgment of, and research into, health inequalities 
in the UK (Goldblatt and Whitehead, 2000), and socioeconomic inequalities in 
infectious diseases in particular. This section aims to provide an overview of some of 
the key events which have occurred in more recent history from the 18th century that 
have contributed to our understanding of inequalities in infectious diseases in the 
UK. 
The first reliable marker of population fluctuations dates back to the Doomsday book 
of 1086 AD (Whitehead, 1998) and since then strong evidence to suggest that 
poverty and ill-health are inextricably linked has emerged. During the Industrial 
Revolution in Britain, which began in the late 1700s, overcrowding in large towns 
and in workhouses leading to poor hygiene and unsanitary conditions became 
commonplace particularly for the most disadvantaged and led to the spread of 
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infectious diseases, including cholera, typhoid and general ill-health (Royal 
Commission on the Health of Towns, 1844).  
While the role of poverty in increasing the risk of specific infectious diseases was not 
well understood at the time, it was recognised that those in poverty were 
experiencing an unequal burden of infectious diseases. As such, from 1834 the Poor 
Law Amendment Act, designed to improve the health of the public and particularly 
of the poor, was passed by Parliament. In 1836, The Registrar General’s Office was 
established by Parliament as part of this process in order to track births and deaths in 
England and Wales for the purposes of property rights (Lilienfeld, 2007). William 
Farr, a British epidemiologist, was appointed as Compiler of Abstracts within the 
Registrar General’s Office. He laid the foundations for the use of these national 
statistics for surveillance and epidemiological analyses, including investigations of 
cholera and smallpox outbreaks (Dunn, 2002, Lilienfeld, 2007), and emphasised the 
importance of not simply recording deaths but of reviewing data recorded by the 
national office in order to try and understand underlying associations between 
inequalities and ill-health to improve outcomes for future generations (Acheson et 
al., 1998).  Similarly, Dr William Henry Duncan, Liverpool’s first Medical Officer of 
Health between 1847 and 1863 and the first in the country, was a strong proponent of 
improving the health of the public and with particular regard for the living conditions 
of the most disadvantaged (Ashton, 1988), linking poor sanitation as the underlying 
cause of infectious diseases such as cholera (Halliday, 2003). 
With improvements in sanitation and hygiene, infectious diseases declined and more 
recently the focus for research and policy recommendations has been on the 
relationship between socioeconomic status and health more generally. The 
establishment of the National Insurance Act 1911, the founding of the NHS in 1948 
and a variety of inquiries set up to investigate and assess health inequalities in the 
UK (Acheson et al., 1998, Black et al., 1980, Marmot et al., 2010, Whitehead, 1992, 
Whitehead et al., 2014), have also highlighted that socioeconomic inequalities in 
health are still prevalent in the UK and there is also evidence to suggest that 
inequalities in infectious diseases such as tuberculosis and sexually transmitted 
infectious remain a concern (Parliamentary Office of Science and Technology, 
2017).  
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Historically, poorer groups in high, middle and low income countries have had much 
higher rates of infectious diseases and greater mortality from them compared to their 
more affluent counterparts and in most countries, these inequalities remain glaringly 
evident (World Health Organisation, 2012). Furthermore, these historical studies of 
socioeconomic inequalities in infectious diseases have led to breakthroughs in 
understanding causal pathways and the role played by the conditions in which 
disadvantaged families live, including sub-standard housing, overcrowding, 
malnutrition, sanitation and contaminated water supplies. In light of this, it is 
therefore logical to be concerned about socioeconomic inequalities in GI infections 
and the focus on inequalities in GI infections in this thesis is just as relevant today as 
such studies may help reveal factors that are helping or hindering prevention and 
control of these infections in different groups in society. As such, the studies in this 
thesis have been devised to determine what the current social patterning of GI 
infections is in high income countries such as the UK and what the underlying 
mechanisms might be.  
Causes of health inequalities 
Socioeconomic inequalities in health are “differences in health status between 
socioeconomic groups that are avoidable and unjust and as such are amenable to 
concerted action”  (Whitehead, 1990). There are several theories which seek to 
explain the causes of health inequalities such as the artefact explanation and theories 
of social selection and social causation.  
i) The artefact explanation suggests that biases in response or measurement of SES 
may give a misleading relationship between health and SES  (Black et al., 1980).  
ii) Natural and social selection explanations suggest that health can determine 
subsequent social position: people in poor health tend to move down the social 
scale, while people in good health tend to move up into higher classes, thereby 
perpetuating the observed gap in health between the top and bottom of the social 
scale  (Black et al., 1980).  
iii)  Two main social causation explanations suggest that social circumstances can 
affect subsequent health, but differ in where they put the emphasis. The 
structural/material explanation emphasises the role of the external conditions 
under which people live and work: people in lower social positions suffer poorer 
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living and working conditions which lead to poorer health (Black et al., 1980). 
The cultural/behavioural explanation emphasises differences between 
socioeconomic groups in lifestyle preferences or behavioural decisions that lead to 
differences in their subsequent health. Arguably, the two social causation 
explanations are linked as the lifestyles of different socioeconomic groups are 
shaped by the social and economic environments in which they live (Dahlgren and 
Whitehead, 2007a). 
iv) The life course perspective suggests that early life experiences or exposure to risk 
factors shape the health of an individual as an adult. Such life experiences or risk 
factors may also cluster together; exposure to one factor may increase the 
likelihood of experiencing other factors.  
Social determinants of health 
The social determinants of health approach proposes that a combination of the 
economic and social factors described above lead to socioeconomic inequalities in 
healthcare access and health outcomes. Social determinants of health can be seen as 
the  
“conditions in which people are born, grow, work, live and age, and the 
wider set of forces and systems shaping the conditions of daily life. These 
forces and systems include economic policies and systems, development 
agendas, social norms, social policies and political systems”.  
(World Health Organisation, 2017b) 
The Dahlgren and Whitehead model illustrating the social determinants of health 
(Figure 2.1) (Dahlgren and Whitehead, 1993), represents the layers of interacting 
factors which contribute to and influence the health of populations. At the centre, 
individuals possess age, sex and constitutional characteristics that influence their 
health but are largely fixed and therefore not amenable to change. Surrounding the 
core are layers of influence that are theoretically modifiable to policy. First are 
individual lifestyle factors such as food consumption habits and smoking which 
influence health, but do not take place in a vacuum – they are affected by the layers 
of influence beyond. Second, a person’s health is influenced by social and 
community networks such as friends and family, among whom they live and work. 
These in turn are influenced by factors in the third layer: a person’s living and 
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working conditions and access to essential goods and services such as education, 
employment, effective healthcare, and food supply. Finally, the fourth layer 
represents the overarching mediators of population health: the general 
socioeconomic, cultural and environmental conditions prevailing in society. Each 
layer has an impact on the previous layer and can influence individuals and groups in 
society.  
Figure 2.1 Social determinants of health approach 






The Diderichsen Model 
The Diderichsen model is an analytic framework which can be used to distinguish 
between different mechanisms that may be operating to generate socioeconomic 
inequalities in health (Diderichsen et al., 2001). Within this model there are a number 
of mechanisms through which inequalities can be generated (Figure 2.2). Firstly, 
social stratification (I) is the mechanism by which individuals in society are sorted 
into different social positions based on their social contexts. These contexts can then 
lead to individuals in these different social positions experiencing differential 
exposure to conditions which may lead to ill health (II). Differential vulnerability 
(III) is a mechanism through which the same level of exposure could have different 
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effects across social strata. Finally, individuals across different social strata may then 
experience differential social and economic consequences of ill health (IV).  
This model also highlights several policy entry points (A-D) (Diderichsen et al., 
2001).  The first policy entry point (A) represents an opportunity to influence social 
stratification through policies designed to reduce social inequalities through 
education, labour market or family welfare policies; or through impact assessments 
of social and economic policies to reduce their impact on social stratification  
(Diderichsen et al., 2001). The second and third policy entry points (B and C) 
represent an opportunity to introduce policies to reduce exposure and vulnerability; 
for example through reducing excess exposure to potential risk factors according to 
social position (B) or by attempting to modify the effect of interacting exposures (C) 
(Diderichsen et al., 2001). The final policy entry point (D) seeks to prevent unequal 
consequences of ill-health and further social inequalities. Although not the focus of 
this thesis, policies in this category concentrate on reducing differential outcomes of 
disease such as through a focus on equity of healthcare resource allocation and 
consideration of additional resources according to social position (Diderichsen et al., 
2001).  
Through this model we can begin to understand the ways in which health inequalities 
are generated and, by applying this to GI infections, help identify policy areas which 
may help to reduce inequalities in GI infections. This model will be used as the basis 
on which to explore the pathways leading to socioeconomically driven inequalities in 
risk of and exposure to GI infections.  
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Figure 2.2 Diderichsen Model 




2.3 GI infections 
Gastrointestinal infections cause a variety of symptoms, most commonly including 
diarrhoea and/or vomiting, and are caused by a range of pathogens including viruses, 
bacteria and protozoa (Adak et al., 2002, Musher and Musher, 2004) each with 
differing epidemiology and management, making control and prevention 
challenging. In healthy individuals, illness is usually short-lived and most recover 
within a few days but have the potential in some cases to cause serious sequelae such 
as HUS (Byrne et al., 2015), Guillain-Barré syndrome (McCarthy and Giesecke, 
2001) and reactive arthritis (Dworkin et al., 2001), and are an important public health 
concern in terms of their potential clinical, economic and social burden.   
GI infections are common and are a significant social and economic burden. Despite 
interventions designed to control and reduce transmission, the incidence of many GI 
infections in the UK has remained relatively constant. It is clear that new efforts to 
understand acquisition and transmission of diarrhoeal illness in the UK are required 
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to tackle this issue. Whilst a better understanding of the role of pathogens, hosts and 
their interactions, as well as biological and microbiological processes is crucial, it is 
also essential to understand socioeconomic mechanisms that may be contributing to 
the failure to reduce these illnesses.   With a better understanding of the mechanisms 
leading to socioeconomic inequalities in GI infections, it may be possible to identify 
important links in the causal chain that can be addressed more effectively than at 
present.  
Epidemiology of GI infections in the UK  
In the Second Study of Infectious Intestinal Disease in the UK (IID2 study), the 
overall community- level incidence of IID was estimated to be 274 cases per 1,000 
person-years (95% confidence interval (CI): 254-296), which equates to 25% of the 
population, or 17 million people, in the UK experiencing an episode of IID each year 
(Food Standards Agency, 2000, Tam et al., 2011a). Children, particularly those under 
5, are regarded as experiencing the highest burden of community- level IID, with 
children under one year of age experiencing an average of at least one episode of IID 
per year (1,079 per 1,000 person-years, 95% CI 750.1-1553.3) (Tam et al., 2011a).  
In the UK, it has been estimated that the annual incidence of acute gastroenteritis 
presenting to healthcare services in children under five years of age  is 5.78 per 100 
children (95% CI 5.30-6.32) (Van Damme et al., 2007), accounting for 16% of 
paediatric accident and emergency (A&E) presentations in one study (Armon et al., 
2001). Women are also regarded as experiencing a higher burden of community-
level GI infection compared to men across most age groups, but particularly amongst 
women aged 25-34 years (387/1,000 person-years, 95% CI 304.9 - 492.2) compared 
to men of the same age (184/1,000 person-years, 95% CI 102 - 332.5) (Tam et al., 
2011a). Whilst infants undoubtedly experience the highest burden, individuals aged 
65 years and above have also been identified as experiencing a greater burden of IID, 
particularly in terms of recurrent episodes of IID (Tam et al., 2013). Amongst this 
age group, each additional IID episode was found to increase the risk of experiencing 
a subsequent IID episode three-fold, compared to 1.7- fold in infants (Tam et al., 
2013). This is thought likely to be due to a greater proportion of individuals with 
impaired immune systems or chronic gastrointestinal conditions which could 
increase risk of illness (Tam et al., 2013).  Being immunocompromised (Roy et al., 
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2004),  the use of proton pump inhibitors to suppress gastric acid (Doorduyn et al., 
2010, Freeman et al., 2016, Jensen et al., 2017) and having comorbidities such as 
chronic intestinal illness (Doorduyn et al., 2010)  have been shown to increase risk of 
GI infection.  
Transmission of GI infection 
Transmission of GI infection is generally via the faeco-oral route. This can be direct; 
as the result of poor hand hygiene and person-to-person spread via contact with other 
symptomatic individuals; or indirect via contaminated food vehicles, water or the 
environment. In the UK, and other high income countries, a variety of exposures and 
risk factors for the acquisition of a GI pathogen and subsequent development of a 
symptomatic GI infection have been established, largely as the result of outbreak 
investigations.   
Environmental exposures, such as farming activities (Doorduyn et al., 2010, O'Brien 
et al., 2001), exposure to animals/ruminants and their faeces (Adams et al., 2016b, 
Byrne et al., 2015, Doorduyn et al., 2010, Gillespie et al., 2003, Kapperud, 2003, 
Locking et al., 2001, Neimann et al., 2003), domestic animals and pets (Doorduyn et 
al., 2010, Gillespie et al., 2003, Little et al., 2008), reptile-associated exposures 
(Harker et al., 2014) and foreign travel (Friedman et al., 2004, Gillespie et al., 2003, 
Neimann et al., 2003) have all been associated with infection. In the IID2 Study, 
between 8% and 12% of participants with symptoms had travelled outside the UK in 
the ten days prior to onset (Tam et al., 2011a). Waterborne exposures such as private 
or contaminated water supplies have been reported (Adams et al., 2016b, Byrne et 
al., 2015, Kapperud, 2003), including swimming (Doorduyn et al., 2010). 
A wide variety of food vehicles has been implicated in outbreaks, ranging from 
vegetables (Gillespie et al., 2010b, Launders et al., 2015), salad items (Byrne et al., 
2016, Jenkins et al., 2015, Long et al., 2002) and fruit (Byrne et al., 2014a, Neimann 
et al., 2003) to meat such as beef, ham, pork and lamb  (Adams et al., 2016b, 
Gillespie et al., 2010b, Gillespie et al., 2003, Kapperud, 2003, Little et al., 2008, 
Neimann et al., 2003). The consumption of eggs (Harker et al., 2014, Lane et al., 
2014, Molbak and Neimann, 2002), chicken or poultry (Doorduyn et al., 2010, 
Friedman et al., 2004, Harker et al., 2014, Little et al., 2010, Neimann et al., 2003), 
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particularly when either is consumed or handled raw or undercooked, and fish and 
shellfish are also potential risk factors (Gillespie et al., 2010b, Inns et al., 2013).  
Unpasteurised milk and pasteurisation failures have also been associated with risk of 
GI infection, particularly Campylobacter (Evans  et al., 1996, Fahey et al., 1995, 
Gillespie et al., 2010b, Gillespie et al., 2003, Neimann et al., 2003, Southern et al., 
1990).  Consumption of ready-to-eat food, such as sandwiches (Gillespie et al., 
2010b), eating outside of the home (Byrne et al., 2014a, Doorduyn et al., 2010, 
Friedman et al., 2004, Gillespie et al., 2003) and eating at barbeques (Doorduyn et 
al., 2010, Gillespie et al., 2003, Kapperud, 2003, Neimann et al., 2003) have also 
been reported.   
Identifying GI infections in the UK   
There are multiple ways of measuring GI infections in the UK although the only way 
to be certain that an individual is infected with a GI pathogen is to identify such a 
pathogen via diagnostic testing in a laboratory. Gastrointestinal pathogens causing 
food poisoning, heamolytic uraemic syndrome (HUS) or infectious bloody diarrhoea 
are statutorily notifiable therefore the details of cases and the positive results of any 
diagnostic tests will be reported via laboratory reporting systems to national 
surveillance. For GI infections not caused by food poisoning, positive results are 
voluntarily reported from diagnostic laboratories via the same reporting systems.  
For some specific GI pathogens, namely Listeria monocytogenes and STEC, 
enhanced surveillance systems are in place due to the potential severity of illness 
resulting from these pathogens. In both of these enhanced surveillance systems, 
standard forms are collected which record in-depth epidemiological and clinical data 
such as patient demographics, symptoms and food, water and environmental 
exposures. These are used to supplement the microbiological results to provide more 
detailed information on risk factors and exposures than could be gleaned from 
diagnostic results alone. In outbreak situations, standard forms are used to record 
details of cases and of the outbreak itself. Measurement of individuals with STEC, 
and HUS, will be described in more detail in Chapter 7, which presents the results of 
an analytical study using these data. 
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GI infections are usually self-limiting and therefore many instances of illness go 
unreported to national surveillance as individuals may not seek care and as such 
these cases are not recorded in surveillance systems. There are systems which can be 
used to identify syndromic definitions of GI infections, such as the NHS 111 
telephone advice service. This system records data on individuals utilising the 
telephone service including information on the syndromes of diarrhoea and vomiting. 
Further detail on the use of NHS 111 and its predecessor, NHS Direct, will be 
provided in Chapter 6 which details the use of these data in an analytical study. 
As GI infections are often relatively mild and self-limiting, contact with healthcare 
services is not always necessary. Attempts to measure the true incidence and burden 
of GI infections in the UK began in the late 1980s. Following national epidemics of 
foodborne illness associated with Salmonella enteritidis phage type 4 and Listeria 
monocytogenes (Food Standards Agency, 2000), it was decided by the Secretary of 
State for Health and the Minister of Agriculture, Fisheries and Food that there was a 
need to establish a Committee on the Microbiological Safety of Food, chaired by 
Professor Mark Richmond in 1989. The recommendations of the committee included 
setting up a study to determine the true incidence of IID in the community (Food 
Standards Agency, 2000).  
The first such study (the IID1 Study) was conducted in England between 1993 and 
1996 and estimated that a fifth of all individuals suffered from an episode of IID each 
year (Food Standards Agency, 2000), thus affecting around 9.5 million individuals at 
that time. It estimated that for every one case notified to national surveillance, there 
were 136 unreported cases in the community (Food Standards Agency, 2000). It also 
quantified the cost of IID in England as being approximately £750 million (Food 
Standards Agency, 2000). This study emphasised the magnitude of the burden of GI 
infections, in particular the ‘hidden’ burden in the community. It raised awareness of 
the importance of trying to tackle GI infections in order to reduce the costs both to 
society and the NHS. A decade later a second study (the IID2 Study), which is used 
in Study 2 of this thesis, was commissioned to determine whether the incidence of 
IID had changed since the mid-1990s and to recalibrate national surveillance data 
(Tam et al., 2011a). The IID2 study, unlike the IID1 study, covered the UK and 
revised the estimate from the first study to suggest that a quarter of all individuals in 
the UK suffer from an episode of IID each year and that for every one case that is 
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reported to national surveillance, there are 147 cases in the community (Tam et al., 
2011a). The estimated cost of foodborne IID, a proportion of all IID, in the UK was 
£1.5 billion (Tam et al., 2011a). The results of the IID2 study indicated that the 
burden of GI infections remained high, and the estimate was higher still than that of 
the IID1 Study. This highlights the need to further understand risk factors for GI 
infections and the need for the work planned within this thesis which seeks to 
provide a deeper understanding of the role of SES in the risk of GI infections in order 
to generate policies which could reduce this burden.  
2.4 Socioeconomic inequalities in GI infections 
This section provides a critical review of illustrative examples of the literature 
identifying and analysing the current knowledge on socioeconomic inequalities in the 
risk of and exposure to GI infections. This review is not exhaustive and will be built 
upon further in the systematic review presented in Chapter 4 (Study 1). Particular 
attention is paid to methodological and analytical approaches as well as potential 
confounding, mediating or moderating variables in order to inform the studies in this 
thesis. Where relevant, comparisons and contrasts are drawn between studies 
conducted in the UK and in other high income countries including Denmark, 
Germany, France, Australia, Canada and the USA although the primary focus is on 
the UK.  
Studies conducted in the UK  
In the UK, several studies have explored the relationship between GI infections and 
SES for both adults and children. For adults, studies using laboratory report data 
present an unclear picture with several studies finding no association between 
incidence and SES for Giardia, all Salmonella (Hughes and Gorton, 2015) and 
Salmonella Typhimurium (Banatvala et al., 1999) although lower incidence of 
Salmonella Enteritidis was associated with more disadvantaged areas (Banatvala et 
al., 1999). Lower risk of Campylobacter (Bessell et al., 2010, Gillespie et al., 2008, 
Hughes and Gorton, 2015, Nichols et al., 2012), Cryptosporidium (Hughes and 
Gorton, 2015, Lake et al., 2007) and Shigella (Hughes and Gorton, 2015) was also 
identified in more disadvantaged areas. In contrast, for Listeria, incidence was found 
to be higher in more disadvantaged areas (Gillespie et al., 2010a).  
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Similarly, studies using syndromic definitions of GI infections such as diarrhoea or 
vomiting also present conflicting findings for adults. No association was identified 
between symptoms of GI infection in four studies (Beale et al., 2010, Evans et al., 
2006, McAteer et al., 2011, Stone et al., 1994) and one study (Scallan et al., 2004) 
found rates of acute gastroenteritis were significantly lower in skilled or unskilled 
manual workers compared to professional or non-manual workers. In contrast, 
reports of diarrhoea were found to be significantly higher in more disadvantaged 
areas although there was no significant difference for vomiting (Beale et al., 2010) 
and hospital admissions were significantly higher in more disadvantaged areas 
(Olowokure et al., 1999). 
For children, fewer studies were identified, but these found more consistent results, 
reporting higher risk of GI infections in more disadvantaged children. Risk of 
norovirus infection was significantly higher among disadvantaged children (Phillips 
et al., 2011). Hospital admissions for children with GI infections were found to be 
significantly higher in more disadvantaged areas (Olowokure et al., 1999, Pockett et 
al., 2011) and infants of mothers with lower levels of education were found to be 
more likely to have diarrhoea (Baker et al., 1998). One study explored GP 
presentation for rotavirus and found higher rates of rotavirus in children living in 
rented council accommodation and in accommodation with fewer rooms (Sethi et al., 
2001).  
Studies conducted in Europe 
In European countries there is a similarly unclear picture of the relationship between 
GI infections and SES in adults using laboratory reports, with findings differing by 
pathogen. There were also differences between the use of income and education to 
measure SES. In Denmark, for example, no association was found between income 
or education level and STEC or other Salmonella infection (Simonsen et al., 2008), 
between income and Salmonella Typhimurium (Simonsen et al., 2008) and between 
education and Salmonella Enteritidis. Another study conducted in Finland found 
lower incidence of STEC infection in areas with lower education (Jalava et al., 2011) 
but a higher incidence of STEC infection in areas with a higher proportion of low 
income households with children. The Danish study also found lower income to be 
associated with lower risk of infection with Campylobacter, Salmonella Enteritidis 
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and Yersinia enterocolitica (Simonsen et al., 2008) and a higher risk of Shigella but 
lower education was associated with a lower risk of Campylobacter and a higher risk 
of Salmonella Typhimurium, Shigella and Yersinia enterocolitica (Simonsen et al., 
2008). The relationship was similarly unclear for viral GI pathogens, with one study 
conducted in the Netherlands finding a lower risk of norovirus in individuals with 
lower education levels (De Wit et al., 2003) and no association between education 
and rotavirus infection (De Wit et al., 2003) and a German study finding increased 
incidence of rotavirus hospitalisation in areas with high levels of unemployment 
(Wilking et al., 2012). 
The findings from studies using syndromic definitions of GI infections in adults were 
more consistent, with studies conducted in the Netherlands, France and Germany 
finding no association (Doorduyn et al., 2012, Van Cauteren et al., 2012, Wilking et 
al., 2013) or lower risk of GI infection in more disadvantaged individuals in the 
Netherlands and France (de Wit et al., 2001a, Van Cauteren et al., 2012), with the 
French study finding no association when using occupation but lower risk in 
disadvantaged individuals when using education (Van Cauteren et al., 2012). 
For children, inconsistent results were found when using laboratory reports. In the 
Danish study reported above for adults, there was no association identified between 
income or education and the incidence of Salmonella Enteritidis (Simonsen et al., 
2008), between income and Yersinia enterocolitica or between education and other 
Salmonella, STEC or Shigella for children (Simonsen et al., 2008). Lower income 
was associated with higher incidence of Campylobacter, Salmonella Typhimurium, 
other Salmonella and Shigella and a lower incidence of STEC infection (Simonsen et 
al., 2008). Lower education was associated with higher incidence of Yersinia 
enterocolitica but lower incidence of Campylobacter and Salmonella Typhimurium 
(Simonsen et al., 2008). In Italy, another study found significantly higher incidence 
of non-typhoidal Salmonella infection in children of unemployed or unskilled fathers 
(Borgnolo et al., 1996). 
As with the UK studies, European studies exploring the relationship between 
syndromically-defined GI infection and SES in children present more consistent 
findings towards higher risk in more disadvantaged children or no association. 
Studies conducted in Portugal and Italy found no association between diarrhoea and 
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parental education (Barros and Lunet, 2003, Iacono et al., 2005) and studies 
conducted in Sweden and Denmark found higher risk of diarrhoea (Ludvigsson, 
2006) and of hospitalisation for GI infections (Biering-Sørensen et al., 2012) in 
children of parents with low education levels.  
Studies conducted outside Europe 
Outside Europe, studies using laboratory reports and syndromic definitions of GI 
infections generally found lower risk in disadvantaged adults or no association. 
Several studies conducted in Australia and Canada found no association between 
SES and Campylobacter, non-typhoidal Salmonella infections (Gibney et al., 2017), 
Salmonella Enteritidis (Varga et al., 2013) and STEC (Pearl et al., 2009). Other 
studies, conducted in the USA, Canada and New Zealand, have found significantly 
lower rates of Campylobacter (Bemis et al., 2014, Green et al., 2006, Pyra et al., 
2012, Rind and Pearce, 2010, Spencer et al., 2012), STEC, Salmonella, Shigella  
(Chang et al., 2009) and Giardia (Cohen et al., 2008) in disadvantaged areas. As 
identified in the European studies, different results using income and education as 
measures of SES were also identified, with lower education being associated with 
higher risk of Salmonella (Younus et al., 2007) and Cryptosporidium (Cohen et al., 
2008) but no association identified for income (Cohen et al., 2008, Younus et al., 
2007) in the USA. 
Studies using syndromic definitions of GI infections found lower risk of GI 
infections was associated with more disadvantaged adults in the USA and Australia, 
(Fein et al., 1995, Hall et al., 2006, Herikstad et al., 2002, Jones et al., 2007, Pollard 
et al., 2014) or no association between SES and GI infection in studies conducted in 
New Zealand, Australia, the USA and Canada (Adlam et al., 2011, Bytzer et al., 
2001, Herikstad et al., 2002, Majowicz et al., 2004, Sargeant et al., 2008).  
Few studies outside of Europe were identified for children. One study conducted in 
Australia found no association between diarrhoea and vomiting and SES (Eaton-
Evans and Dugdale, 1987) and studies conducted in the USA and Japan found higher 
incidence of Campylobacter (Bemis et al., 2014) and STEC (Sakuma et al., 2006) in 
disadvantaged areas.  
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2.5 Theoretical explanations 
The literature on the association between SES and risk of GI infection presents 
mixed results. There is great heterogeneity across the studies in terms of design, 
analytical methods, exposure variables used and even definitions of what constitutes 
a GI infection, which presents a challenge to draw any definitive conclusions. 
Studies included in this review also suffer from severe limitations and speculate on 
reasons for observations without providing empirical evidence. In what follows, I 
will firstly discuss factors that may influence the results in the studies in this review.  
There will then follow a discussion of potential hypotheses generated by this review. 
Artefact explanations 
Few studies found lower risk of GI infection among more disadvantaged children. 
Those that did speculated that this finding was likely due to artefact explanations. 
The studies included in this review were observational. While cohort, case-control 
and cross-sectional studies are robust study designs for exploring the relationship 
between SES and GI infections they do introduce potential biases through selection 
bias, loss to follow-up and ecological fallacy. Studies requiring participation through 
surveys often reported that disadvantaged individuals were underrepresented and 
suffered from low response rates, while response rates for advantaged individuals 
were much higher and as such they were overrepresented in the samples.  
Differential case ascertainment could result in disadvantaged individuals being less 
likely to be recorded in healthcare systems or have a laboratory confirmation of a GI 
pathogen. This could be related to greater access to healthcare for those in higher 
education and income groups, particularly in countries with healthcare systems 
similar to that in the USA where insurance status may determine whether an 
individual will seek care and, if care is sought, whether the tests and medication 
required will be covered by insurance. This effect may be particularly so for adults 
which may, again, explain the difficulty in identifying clear trends in SES and risk in 
adults. Due to the way in which cases of GI infection are detected, there will 
undoubtedly be some relationship between wishing to seek healthcare and having the 
means to do so; a trend which will be more exaggerated in counties such as the USA 
where healthcare is not freely available to all but which may still exist to some extent 
in countries where there is theoretically equitable access. Foreign travel was 
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identified as a potential ‘confounder’ in several studies and therefore either 
controlled for in the analysis or excluded cases on this basis which may influence 
ascertainment of cases. 
The use of SES measure was also variable in the studies included in this review. 
Several studies used measures which would not be sensitive enough to detect any 
differences, such as employed individuals compared to those who were not 
employed; the latter would likely include economically inactive individuals, those 
keeping home and the chronically sick and disabled. Some studies reported recording 
of occupation via free-text fields which would result in very imprecise indications of 
occupational class. Income and education were frequently used as proxies for SES. 
Education is easier and more reliably ascertained than self-reported income and thus 
may be a more reliable indicator of SES in some countries, but suffers from technical 
difficulties in the UK.  
It has also been speculated that those with a higher level of education may be more 
likely to seek care (Younus et al., 2007) and also that they may be more likely to 
seek care with mild or moderate symptoms than those with lower education (Younus 
et al., 2007). Conversely, there may be differences in healthcare interaction amongst 
those of a lower SES or differential testing and treatment practices by SES which 
may increase the likelihood of seeking care, being recorded in healthcare systems 
such as hospital records or national surveillance records through laboratory 
confirmation. Tam et al. (2003) explored the potential biases in individuals who 
presented to primary care in the UK, and found that those with a lower level of 
education, those living in flats or maisonettes and those living in rented 
accommodation were more likely to present to healthcare. Tam et al. (2003) adjusted 
for illness severity. It is also speculated that the perceived increased risk amongst 
more disadvantaged groups may also reflect greater disease severity or worse 
consequences of GI infection in these groups. These hypotheses will be tested in the 
empirical studies in this thesis.   
Several studies speculated that there may be regional differences in testing, treatment 
or reporting of GI infections. In countries where there is a fee to see a GP, such as 
New Zealand, it is plausible that rates of GP-reported GI infections would differ by 
area-level disadvantage and, in insurance-led healthcare systems such as the USA, 
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the middle classes may be least likely to be able to access healthcare because they are 
not eligible for Medicaid (and other similar schemes) which cover the most 
disadvantaged sections of the population and they are less able to afford private 
healthcare fees than their more wealthy counterparts or those in jobs where 
healthcare insurance is included in employee contracts.  
Possible explanations for why there may be lower actual risk of GI infections in 
disadvantaged adults  
It is also possible that studies finding lower risk of GI infection in disadvantaged 
individual are detecting a genuine effect which could be related to differential 
exposure. Many studies finding this association speculated that higher SES is likely 
to lead to higher rates of foreign travel and therefore higher risk of GI infection. 
Foreign travel may be a marker of wealth and therefore higher SES, so excluding 
such cases may result in controlling out the effect of SES. It is also possible that 
foreign travel exposes an individual to a greater risk of GI infection.  
Other studies speculated that lower risk of GI infection in disadvantaged individuals 
may be as a result of lower pet ownership, less likelihood of eating outside of the 
home and lower exposure to environmental risk factors than those with higher levels 
of disposable income. Another possible explanation is that more disadvantaged 
individuals have better hand and food hygiene which could reduce their risk of 
acquiring a GI infection.  
Possible explanations for why there may be higher actual risk of GI infections in 
disadvantaged adults 
For those studies reporting a higher risk of GI infection in disadvantaged adults, 
factors such as overcrowding may result in poorer quality or shared facilities for 
cooking and washing or higher proximity to and contact with pets, all of which may 
increase the risk and spread of GI infection for disadvantaged adults. The 
relationship between disadvantaged areas and exposure to nutritionally-poor 
takeaways and fast-food outlets (Saunders et al., 2015) could result in higher risk 
through poor diet but also potentially through poor food hygiene in such premises. 
One study speculated that increased risk of Listeria among disadvantaged individuals 
was potentially due to disadvantaged individuals being less likely to store food safely 
and more likely to keep and consume food which has expired (Gillespie et al., 
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2010b). A poorer immune system, greater likelihood of comorbidities, poorer diet 
and poorer hygiene may all be contributing factors to a decreased resistance to and 
therefore increased risk of infection. Comorbidity is more prevalent and arises at a 
younger age in lower SES groups (Barnett et al., 2012). 
Possible explanations for why there may be higher actual risk of GI infections in 
disadvantaged children 
Studies exploring the relationship between GI infection and SES found more 
consistent results for children; with disadvantaged children at higher risk of GI 
infections than more advantaged children. There are several hypotheses for this 
finding. One explanation for why this relationship is seen in children but not adults is 
that low income parents may not seek care for themselves but may ensure that care is 
sought promptly for their children, thereby ensuring that GI infections in 
disadvantaged children are more accurately recorded in the routine infectious disease 
data. Once care is sought, there may be differences in the way that the healthcare 
system interacts with disadvantaged compared to advantaged children. GPs, for 
example, may be more likely to test and physicians may be more likely to admit 
disadvantaged children to hospital if there are potential concerns about effective 
rehydration at home. Disadvantaged children may also be differentially exposed to 
GI infections compared to more advantaged children. It is also possible that 
disadvantaged individuals may be exposed earlier in life than more advantaged 
individuals; differential exposure by SES in childhood may explain the higher risk of 
GI infection in disadvantaged children and the lower risk of GI infection in 
disadvantaged adults. A study conducted in the UK found that seropositivity to 
Helicobacter pylori in adults was associated with lower SES and adverse housing 
conditions in childhood (Pearce et al., 2013). Furthermore, within low income 
countries, Campylobacter is almost exclusively seen in disadvantaged children 
(Fernández et al., 2008, Kakai et al., 1995, Lloyd-Evans et al., 1983, Quetz et al., 
2010) while adults are rarely infected or identified (Coker et al., 2002). 
2.6 Gaps in the literature 
This literature review has identified several gaps in the literature of the role of SES in 
the risk of and exposure to GI infections.  
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- A systematic review of the literature is warranted to make sense of the 
conflicting and inconsistent findings in the existing literature. This gap is 
filled through the systematic review and meta-analysis conducted in Study 1 
(Chapter 4). 
- The first national population-based survey, the IID1 Study, was conducted in 
the 1990s and many of the existing studies, particularly in the UK are 
relatively old. It is therefore necessary to provide an up to date assessment of 
the relationship between GI infections and SES at the population- level. This 
gap is filled by analysing a prospective community cohort from the IID2 
study, conducted in 2008-2009 and analysis of calls to NHS telephone 
helplines (Studies 2 and 3, Chapters 5 and 6).   
- Little is known about the role of differential exposure leading to differential 
risk. Understanding the mechanisms through which certain population groups 
may be at greater risk of exposure to a GI pathogen may improve our 
understanding of differential disease risk. This is particularly true for 
differences between SES groups and hypothesised risk factors such as pet 
ownership, eating out, foreign travel and healthcare interaction for which no 
empirical evidence has been identified. Differential exposure and healthcare 
contact explanations are explored in Study 4 (Chapter 7).  
- Existing studies have generally relied on laboratory confirmation of a GI 
pathogen in order to explore the role of SES in risk and exposure. This could 
lead to a number of potential biases, particularly if the pathway to a 
laboratory diagnosis differs by SES. Understanding the association between 
SES and GI infections defined in other ways, such as syndromically, without 
reliance on laboratory testing is therefore important as differential risk may 
be masked by the way in which cases of GI infection are defined. Studies 1-3 
(Chapters 4-6) address this gap by using data which are not reliant on an 
individual seeking care for inclusion in the studies.  
- Previous studies have found different results across the life course. 
Understanding the association between GI infection and SES for adults and 
children separately is crucial. The risk of GI infections by SES is explored 
throughout the life course in each of the studies in this thesis.  




Gastrointestinal infections are common and socioeconomic inequalities are an 
important public health concern. Despite this, little is known about the relationship 
between SES and risk of or exposure to GI infections, with published literature 
presenting conflicting findings. The burden of GI infections in the UK is high, and 
there is no consensus on whether this is socially patterned in adults, though there is 
some evidence in children.  Despite the undisputed association between 
socioeconomic inequalities and ill- health, the evidence on the role of such 
inequalities in the risk of and exposure to GI infections is inconsistent and 
contradictory. Existing studies have presented hypotheses to explain the observed 
results but have provided limited, or no, empirical evidence to support or refute these 
hypotheses.  
In the subsequent chapters, I seek to fill these gaps in the literature and try to 
consolidate the inconsistent findings seen. A systematic review and meta-analysis 
was warranted to analyse the inconsistent existing evidence and the gaps in 
knowledge in a more structured way in order to inform the subsequent empirical 
analyses in this thesis (Study 1). Making use of existing datasets which do not rely 
on laboratory confirmation, I explore the role of socioeconomic inequalities in GI 
infections via a population-based prospective cohort study and two telephone-based 
healthcare advice services to assess whether socioeconomic inequalities in GI 
infections exist and provide updated estimates of the extent and nature of any 
inequality identified. (Studies 2 and 3) Finally, to explore the role of differential 
exposure, I analyse data for a laboratory-confirmed severe GI pathogen (STEC) and 






















3.1 Introduction  
This chapter provides a description of the various data sources and analytical 
methods used in the analyses presented in Chapters 4-7. Firstly, the five main 
datasets used will be described; the Second Study of Infectious Intestinal Disease in 
the community (IID2); the syndromic surveillance datasets – NHS111 and NHS 
Direct; the National Enhanced Surveillance System for STEC (NESSS); and the 
British Paediatric Surveillance Unit (BPSU) Haemolytic Uraemic Syndrome (HUS) 
Study; alongside supplementary datasets used to generate the socioeconomic and 
rurality variables. There will then follow a description of the various methods used in 
each of the four study chapters, including details of ethical approvals (where 
necessary), inclusion and exclusion criteria, primary outcomes and covariates, data 
extraction and data analysis.  Finally, I will summarise by exploring how the 
different datasets and analytical methods, when brought together, answer the 
research questions.  
As described in Chapter 1, the objectives of this thesis are: 
1. To conduct a systematic review of existing evidence of socioeconomic 
inequalities in risk of GI infections in high income countries. 
2. To investigate the extent and nature of socioeconomic inequalities in risk of 
GI infections in the community in the UK, with estimates derived from the 
most up-to-date population-based household survey. 
3. To analyse the extent of, and mechanisms underlying, socioeconomic 
inequalities in risk of GI infections in the community, with estimates derived 
from routine data on members of the public seeking telephone-based 
healthcare advice in England. 
4. To explore the social patterning of clinical outcomes, healthcare contact and 
risk factors for a laboratory-confirmed, potentially severe, GI infection 
(STEC) and socio-demographic inequalities in risk of development of a 
serious sequela (HUS) in England. 
5. To draw out policy implications and recommendations for further research 
into the role of socioeconomic inequalities in GI infections.  
The methods described in the subsequent sections within this chapter were each 
selected to address the relevant objectives in the most appropriate way. 




3.2 Description of data sources  
The Second Study of Infectious Intestinal Disease in the community (IID2 Study) 
The IID2 Study was commissioned to determine whether the incidence of IID had 
changed since first Study of Infectious Intestinal Disease in the community was 
undertaken in the mid-1990s and to recalibrate national surveillance data (Tam et al., 
2011a). There were seven separate but linked studies which took place between 28 th 
April 2008 and 31st August 2009, with the exception of the Telephone Survey which 
took place from 1st February 2008 to 31st August 2009. This study was undertaken 
across England, Wales and Scotland.  
For the purposes of this thesis, data from the prospective population-based cohort 
study were used. In this study, a cohort of 7,033 randomly-selected individuals was 
recruited from 88 General Practices across the UK, resulting in 6,836 participants 
who were eligible for inclusion in the study. The participants were followed up 
weekly for up to one year to investigate how many experienced symptoms consistent 
with IID during this period. Those who reported symptoms were asked to complete a 
questionnaire about their illness, as well as details of their interaction with healthcare 
services and were sent a stool specimen kit and asked to submit a sample. Analyses 
using this dataset will be presented in Chapter 5 (Study 2). 
NHS Direct 
Telephone-accessed healthcare encompasses advice delivered to individuals over the 
telephone or online as opposed to face-to-face consultation. The first service, NHS 
Direct (NHS Direct, 2014), was a nurse-led telephone health helpline for non-
emergencies established in 1999 and was available across England  and Wales by 
2000. The service operated 24 hours a day, 365 days a year, responding to 
approximately 5 million calls per year (Cooper et al., 2003). A computerised decision 
making system through which clinical algorithms could be followed was used by the 
NHS Direct nurses to assess each caller based on their symptoms and provide 
healthcare advice or referral to other NHS services (Cooper et al., 2003).  Calls to 
NHS Direct were charged as a business rate number.  
 





In 2013, a new service replaced NHS Direct. This new system, NHS 111, is operated 
by non-clinical call takers using with access to clinical advice if required. As with 
NHS Direct, this service is available 24 hours a day, 365 days a year, although unlike 
NHS Direct, this service is for callers from England only and is a Freephone service. 
Furthermore, NHS 111 also acts as an out of hours GP service which means call 
volumes are higher than for NHS Direct. Figure 3.1 describes the procedure which 
individuals may go through when accessing the telephone-accessed healthcare. 
Analyses using both NHS Direct and NHS 111 call data from the HPA/PHE NHS 
Direct/111 syndromic surveillance systems, based upon data routinely collected and 
used by PHE for routine public health surveillance, will be presented in Chapter 6 
(Study 3).  
Figure 3.1: Procedure for telephone-accessed healthcare 












*NHS Direct is no longer operational and was succeeded by the NHS 111 system; therefore these two 
systems do not co-exist 
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National Enhanced Surveillance System for Shiga toxin-producing Escherichia coli 
(NESSS) 
In January 2009, Public Health England (PHE) introduced a national enhanced 
surveillance system for STEC in England (NESSS). This surveillance system collects 
standardised information for each laboratory confirmed case of STEC reported in 
England. Following identification of a presumptive STEC at a local laboratory or the 
identification of a case of HUS, specimens are sent to the PHE Gastrointestinal 
Bacteria Reference Unit (GBRU) for testing. The relevant PHE region is notified for 
follow-up which includes completion of an enhanced surveillance questionnaire 
(ESQ) (Appendix 5.1) collecting detailed information on patient demographics, 
symptoms, food and water exposures and UK and non-UK travel during the exposure 
period (the week prior to illness onset). Data from ESQs are reconciled with 
microbiological results. This surveillance system is described in detail elsewhere 
(Byrne et al., 2015). Risk factor questions included in the ESQ are evidence-based, 
using known-exposures documented in the literature as well as exposures identified 
as part of outbreak investigations (Al-Jader et al., 1999, Gillespie et al., 2005, Goh et 
al., 2002, Ihekweazu et al., 2012, Launders et al., 2015, Locking et al., 2001, Parry et 
al., 1998, Pennington, 2009). Approximately, 1,000 cases of STEC are reported to 
NESSS each year (Public Health England Gastrointestinal Bacteria Reference Unit, 
2017). The most commonly reported serotype is STEC O157, but since December 
2012 some frontline laboratories have been able to detect non-O157 STEC due to the 
implementation of multiplex polymerase chain reaction (PCR) testing leading to an 
increase in the detection of these serotypes (Byrne et al., 2014b). Figure 3.2 shows 
the flow of STEC cases reported to this system. Analyses using this dataset, along 
with further detail on STEC, will be presented in Chapter 7 (Study 4). 
  




Figure 3.2: Flowchart of STEC cases reported via NESSS 
Source: Adapted from Byrne et al. (2015; p.4)  
 
STEC – Shiga toxin-producing Escherichia coli (E. coli); NESSS – National Enhanced Surveillance 
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British Paediatric Surveillance Unit (BPSU) Haemolytic Uraemic Syndrome (HUS) 
Study  
Between 1st October 2011 and 31st October 2015 a surveillance study of HUS was 
conducted by the British Paediatric Surveillance Unit (BPSU), in conjunction with 
PHE. The BPSU facilitates studies on rare childhood diseases, or rare complications 
of childhood diseases, where the necessity for large sample sizes requires a national 
approach (British Paediatric Surveillance Unit, 2017). The BPSU collects data via 
their ‘orange card’ surveillance system which is an electronic reporting card through 
which doctors participating in the scheme are requested to indicate if they have seen 
any patient with any condition listed on the form within the preceding month (British 
Paediatric Surveillance Unit, 2016). This reporting card is sent to over 3,300 doctors 
each month (British Paediatric Surveillance Unit, 2016). Figure 3.3 shows the flow 
of reporting to the BPSU. 
 
Figure 3.3: Flowchart of reporting to BPSU 
Source: British Paediatric Surveillance Unit (2016) 
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For the purposes of this study, the following reporting definition for HUS was used: 
“Any child up to and including 15 years of age seen for the first time in the 
last month and who has been diagnosed with HUS, excluding  children who 
have; septicaemia; malignant hypertension; chronic uraemia; primary 
vascular disease” 
(British Paediatric Surveillance Unit, 2014) 
A case of HUS meeting this reporting definition triggered notification to PHE 
investigators who sent a standardised surveillance questionnaire (Appendix 5.2) to 
the paediatrician requesting information on; case demography, diarrhoeal prodrome; 
household contacts; treatment history; microbiological investigations; clinical 
parameters of illness; clinical management of illness and status of the case at the time 
of data capture. Analyses using this dataset, along with further detail on HUS, will be 
presented in Chapter 7 (Study 4). 
The National Statistics Socio-economic Classification 
The Office for National Statistics (ONS) produces a National Statistics Socio-
economic classification (NS-SEC) which uses an individual’s occupation and 
employment status  as a measure of the socioeconomic position of individuals within 
society (Office for National Statistics, 2010). The NS-SEC evolved from earlier 
measures of socioeconomic position (Social Class and Socioeconomic Group) in 
order to better explain the role of socioeconomic position in explaining the patterning 
of outcomes of interest (Office for National Statistics, 2010), be that in health, 
economics or crime. Since 2001, the NS-SEC has been available and used in all 
official statistics and surveys (Office for National Statistics, 2010), including the 
2001 and 2011 Censuses.  
Analyses making use of this classification system will be presented in Chapter 5. In 
the IID2 Study the five-class self-coded method was used. This version of NS-SEC 
was used as it is suitable for use in studies such as those collecting data via postal 
surveys for which it may not be practical to collect and code detailed occupation data 
(Office for National Statistics, 2010). For the purposes of the analyses in Chapter 5, 
this five-class version was recoded into the three-class version (Office for National 




Statistics, 2010). The relationship between the five- and three-class versions can be 
seen in Table 3.1.   
Table 3.1: Overview of the five-class and three-class NS-SEC 
Source: Office for National Statistics (2010) 
Class NS-SEC five-class self-coded version NS-SEC three-class self-
coded version 





2 Intermediate occupations Intermediate occupations  
3 Small employers and own account 
workers 
4 Lower supervisory and technical 
occupations 
Routine and manual 
occupations 
5 Semi-routine and routine occupations 
 Never worked and long-term 
unemployed* 
Never worked and long-
term unemployed* 
*Not classifiable 
English Index of Deprivation 2010 
The English Index of Deprivation 2010 is a measure of multiple deprivation used in 
England at a small area level (Department for Communities and Local Government, 
2011). They comprise 38 indicators across seven domains (Income; Employment; 
Health and Disability; Education Skills and Training; Barriers to Housing and Other 
Services; Crime; Living Environment) which, combined and weighted (Table 3.2), 
are used to calculate the Index of Multiple Deprivation 2010 (IMD 2010) 
(Department for Communities and Local Government, 2011). The score for each 
domain, and the combined overall score, are calculated and assigned to each 
individual living in a small area (Lower layer Super Output Areas; LSOA). There are 
34,753 LSOAs in England and Wales and each has a population of approximately 
1,500 residents and 650 households (Neighbourhood Statistics, n.d.). Postcodes of 
individuals can be linked to the IMD score for the LSOA in which they reside. 




Table 3.2: IMD domains and weighting 
Source: Department for Communities and Local Government (2011) 
Domain Weight 
Income deprivation 22.5% 
Employment deprivation 22.5% 
Health deprivation and disability 13.5% 
Education, skills and training deprivation 13.5% 
Barriers to housing and services 9.3% 
Crime 9.3% 
Living environment deprivation 9.3% 
 
Further details of how the IMD score was used in each study will be provided in the 
relevant sections below and in each study chapter. For ease of interpretation and 
presentation, the IMD scores were also categorised into quintiles, as set out below, 
based on the distribution of IMD scores across England (Table 3.3).  
Table 3.3: IMD quintiles 
Source: University of Oxford (n.d.) 
Quintile  IMD score range 
1 (Least disadvantaged) ≤ 8.49  
2 8.5 - 13.79 
3 13.8 - 21.35 
4 21.36 - 34.17 
5 (Most disadvantaged) ≥ 34.18  
 
Rural Urban Classification  
The Rural-Urban Classification (RUC) is an official statistic used to determine the 
rurality of small areas. As with IMD, RUC can be assigned to LSOAs. Areas outside 
of settlements of over 10,000 residents are considered rural (Department for 
Environment, Food and Rural Affairs, 2016). Each LSOA can be assigned to one of 
eight rural or urban categories (Table 3.4).  




Analyses making use of this classification system will be presented in Chapter 5, 6 
and 7 (Studies 2, 3 and 4). In these studies, the RUC was recoded to either rural or 
urban, as detailed in Table 3.4. 
Table 3.4: Overview of Rural-Urban Classification 
Source: Government Statistical Service (2013) 
 Category  
Urban Major Conurbation 
 Minor Conurbation 
 City and Town 
 City and Town in a Sparse Setting 
Rural Town and Fringe 
 Town and Fringe in a Sparse Setting 
 Village and Dispersed 
 Village and Dispersed in a Sparse Setting 
 
Postcode Headcounts and Household Estimates  
The Postcode headcounts dataset, from the 2011 census provides estimates of the 
number of  usual residents for each unit postcode in England and Wales (Office for 
National Statistics, 2011). Analysis making use of this reference population and 
details of how this dataset was used will be provided in the relevant study methods 
section below and will be presented in Chapter 6 (Study 3).  
Mid-year Population Estimates 
Mid-year population estimates, and population estimates stratified by age, sex and 
IMD Quintile from the Office for National Statistics Office for National Statistics 
[dataset] (2011), were downloaded and used to provide population denominator data 
for the calculation of incidence rates in Chapter 7 (Study 4).  
Human Development Index  
The Human Development Index (HDI) (United Nations Development Programme, 
2016) is a composite measure of average achievement across three dimensions 
measuring life expectancy at birth; years of schooling; and Gross National Income 




per capita. The score for each of these dimensions is aggregated to calculate the 
overall HDI value. In Chapter 4 (Study 1), the HDI value was used to categorise the 
countries from which the studies originated by relative level of development into 
tertiles of low, medium or high HDI.  
Köppen Climate Classification System 
A simplified version of the Köppen system for classifying climates by the Met 
Office, the national weather service for the UK, was used to classify the climate of 
each country included in Chapter 4 (Study 1) to assess whether climate was a 
potential moderating factor for risk of GI infection.  This system classifies the 
climate of each country based on annual and monthly averages of temperature and 
precipitation into six broad categories; equatorial; arid; Mediterranean; snow; polar; 
and temperate (Met Office, 2015).  
3.3 Ethical approval  
Ethical approval for the research was obtained from the NHS Health Research 
Authority South East Coast – Surrey Research Ethics Committee on 4th December 
2015 (REC Reference number 15/LO/2138; Appendix 1.1). Further details of ethical 
approval covering individual studies and datasets can be found in each subsequent 
section below. 
3.4 General overview of methods 
Systematic reviews and meta-analyses 
A systematic review is a robust and evidence-based method of collating empirical 
evidence based on pre-specified criteria to address a specific research question 
(Higgins and Green, 2011). While literature reviews are able to identify and 
summarise important themes within the literature, a systematic review aims to 
minimise bias by using explicit and systematic methods which results in more 
reliable and robust findings (Uman, 2011). Within the process of a systematic 
review, specific consideration is given to the reliability and validity of included 
studies through assessment of the risk of bias and detailed synthesis and presentation 
of result (Higgins and Green, 2011, Uman, 2011). Included studies may be drawn 
from published and unpublished literature, including grey literature. In addition, 
meta-analysis can be used alongside systematic reviews. Meta-analysis is designed to 




critically evaluate and statistically combine results from studies identified in a 
systematic review to provide an overall quantifiable effect estimate.  
Regression methods 
Regression modelling, used throughout this thesis, models the effect of an 
explanatory variable, or variables, on a response variable. The explanatory variable 
may be, for example, an exposure, risk factor or characteristics of participants. In 
multiple regression models, potentially confounding variables can be included in 
order to provide an adjusted effect estimate. I will describe the regression models 
used in this thesis in general below and explain the specific uses within the 
description of methods for each study.  
Logistic regression models describe the effect of predictor variables on categorical 
outcomes which can be binary, ordinal or multinomial. Logistic regression produces 
estimates of odds ratios and is a more powerful and flexible approach than other 
traditional methods such as Mantel-Haenszel as multiple confounding variables, 
interaction terms and continuous, binary or categorical exposure variables may also 
be included within the model. Logistic regression can also be described in terms of 
generalised linear models (GLM) which are extensions of linear regression which 
can be used to model binary data, as well as continuous, count or survival data. 
GLMs allow for response variables which have non-normal error distributions and 
consist of three components: a random or systematic component, a linear predictor 
and a link function (Fox, 2016). The random component specifies the conditional 
distribution of the response variable, such as Gaussian (normal), binomial, 
multinomial, Poisson, gamma or inverse-Gaussian (Fox, 2016). The linear predictor 
is a linear function of the regressors and the link function transforms the expectation 
of the response variable (Fox, 2016). GLMs can be estimated using maximum-
likelihood estimations, providing estimates of regression coefficients as well as 
estimated asymptotic standard errors of the coefficients (Fox, 2016). There are 
several assumptions of a GLM; the observations of the dependent variable are 
assumed to be independent, the dependent variable is assumed to be a member of the 
exponential family of distributions; the variance is assumed to be constant across 
observations; and a linear relationship between the response and the linear predictor 
is assumed (Dunteman and Ho, 2006, Grafen and Hails, 2002). These assumptions 




can be tested through visual inspection of the residuals to assess homogeneity of the 
variance and linearity.  
The Cox proportional hazards model is a regression model for the analysis of 
survival data, allowing for the testing of differences in survival times in two or more 
groups of interest while also allowing for the control of other covariates. The hazard 
function gives the risk or hazard that the event will occur, per time unit, given that an 
individual has survived to the specified time. As such, it provides an estimate of 
relative risk, not absolute risk, by estimating the hazard ratio for an outcome of 
interest adjusted for the other covariates in the model rather than an odds ratio as in 
logistic regression. The Cox proportional hazards model is “non-parametric” as no 
assumptions are made about the form of the baseline hazard.  In addition, there are a 
number of important assumptions that need to be tested. Firstly, Cox regression 
assumes that there is no multicollinearity among covariates. Secondly, the censoring 
of participants must not be related to the outcome. Finally, the proportional hazards 
assumption assumes that the survival curves have hazard functions that are 
proportional over time. These assumptions can be assessed using log-log plots to test 
the proportional hazards assumption for each predictor and using a global test to 
assess whether the overall model overall met the proportional hazards assumption 
(UCLA Institute for Digital Research and Education, 2017b). Kaplan-Meier survival 
curves can be constructed to estimate the survival function from the data. An 
alternative to Cox Proportional Hazards is Poisson regression, which is used when 
count of events over time is the desired outcome rather than survivorship/failure as 
for Cox Proportional Hazards.  
Meta-regression (Berkey et al., 1995, Thompson and Sharp, 1999), similar to simple 
regression where an outcome is predicted according to one or more explanatory 
variables, is a regression method used in meta-analysis. The explanatory variables 
are study characteristics which may influence the effect estimate (Higgins and Green, 
2011). Meta-regression differs from simple regression as studies are weighted by the 
precision of their effect estimate and, in random-effects meta-regression, residual 
heterogeneity among study effects is allowed for (Higgins and Green, 2011). Fixed-
effects meta-regression does not take account of this residual heterogeneity and is 
therefore likely to produce misleading results (Higgins and Thompson, 2004).  




Missing data methods 
Multiple Imputation using Chained Equations (MICE) (UCLA Institute for Digital 
Research and Education, 2017a) can be used to statistically simulate missing 
covariates such that the records with missing covariates may be included in analyses. 
This approach uses the distribution of the observed data to estimate multiple 
imputations, rather than single imputations, reflecting the uncertainty of the true 
values before combining these imputed values for analysis (UCLA Institute for 
Digital Research and Education, 2017a). All other variables were included in the 
imputation in order to produce the most accurate imputation possible.  
The main assumption of MICE is that the missing data are missing at random 
(MAR). This assumption can be tested by assessing the distribution of the missing 
variable by other variables, such as age and sex. Including all variables thought to be 
associated with or predict missingness in multiple imputation models can help to 
provide more accurate and stable estimates and including these variables can increase 
power through a more inclusive analysis strategy. 
There are alternative methods for dealing with missing data. Complete case analysis, 
whereby only individuals with no missing data in any of the variables required in the 
analysis are included, is often used but this can lead to biased results, particularly 
because there can be a cumulative effect of missing data leading to a substantial 
proportion of data being excluded and a resultant loss of power and precision (Sterne 
et al., 2009). It is also possible to use single, as opposed to multiple, imputation, 
although as this method does not account for uncertainty in the imputations 
generated, single imputation was rejected in preference of multiple imputation.  
3.5 Description of methods specific to each study 
This section reports on the study design, data collection, data handling and analytical 
methods used in each of the subsequent study chapters.  
Study 1: Relationship between socioeconomic status and gastrointestinal infections 
in high income countries: A systematic review and meta-analysis (Chapter 4) 
In Chapter 4 I present results from a systematic review and meta-analysis assessing 
the association between SES and risk of GI infections in high income countries. The 
methods used in this study chapter are detailed below. This systematic review and 




meta-analysis is reported according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement (Moher et al., 2009). 
Rationale 
The review of the literature, presented and discussed in Chapter 2, demonstrated the 
conflicting results from studies investigating the relationship between SES and GI 
infection.  Due to the heterogeneity in study design, measure of SES, measure of GI 
infection and populations investigated, it was challenging to draw any conclusions on 
magnitude and direction of the SES impact on GI infection using a non-statistical 
approach. A systematic review and meta-analysis was therefore warranted to collate 
and summarise these diverse studies in a meaningful way using a systematic and 
statistical approach. 
Objectives 
This systematic review and meta-analysis aimed to consolidate and evaluate the 
current level of knowledge on the relationship between GI infections and 
socioeconomic inequalities and identify any gaps in the literature in order to shape 
future studies into this relationship.  
Table 3.5: Statement of question being addressed with reference to participants, 
interventions, comparisons, outcomes, and study design (PICOS) 
Research question: For individuals from high income countries, is lower compared 
to higher SES associated with the incidence or prevalence of GI infection? 
Participants Individuals from high income countries 
Interventions Low SES 
Comparisons High SES 
Outcomes Incidence or prevalence of GI infection 
Study design Observational studies 
 
The exposure of interest was “lower compared to higher SES”, measured at the 
individual or aggregate level by income, education, occupation, employment or 
deprivation of area of residence. The primary outcome of interest was the incidence 
or prevalence of any symptomatic GI infection measured using population level 
surveys, routine surveillance systems, laboratory or hospitalisation data, and included 




syndromic definitions of GI infections without a laboratory diagnosis. Syndromic 
definitions of GI infections were included as it is possible that various 
socioeconomic or healthcare seeking behavioural factors could influence whether an 
individual is diagnosed with a GI infection. 
Protocol and registration  
This systematic review is registered in the PROSPERO International prospective 
register of systematic reviews (PROSPERO 2015:CRD42015027231(Adams et al., 
2015)).  The protocol for this systematic review can be found in Appendix 2.1 (Rose 
et al., 2016).  
Eligibility criteria 
For inclusion in the systematic review, studies were required to be observational 
(cross-sectional; ecological; case-control; cohort - prospective and retrospective), 
reporting quantitative results and analysis of empirical data on the prevalence or 
incidence of any symptomatic GI infection by SES, in a representative population 
sample. Socioeconomic status could be measured by occupation, income, education, 
employment or deprivation at individual or aggregate level in order to be inclusive 
and assess how measures of SES were used in the literature.   
Only studies conducted in high income countries, defined as being a member country 
of the Organisation for Economic Co-operation and Development (OECD) 
(Organisation for Economic Co-operation and Development, 2015), written in or 
translated into English, reporting on human subjects and using data collected after 
1980 and up to the search date of 13th October  2015 were included. For countries 
that joined the OECD after 1980, data collection must have occurred after the date 
the country became a member of the OECD. The focus was on high income countries 
as they were thought more likely to have similar public health infrastructures, social 
characteristics and food production and safety standards which would be comparable 
to both the UK and to each other. As social conditions within countries change over 
time through development, and methods of classifying SES may also change over 
time, restricting to publications using data from 1980 onwards ensured that the 
results were as relevant as possible to the present day. 




Studies not meeting the above criteria, including case studies, case series or literature 
reviews, or studies reporting on outbreaks of GI infection, travel associated illness 
only or asymptomatic individuals only were excluded. Studies conducted solely in a 
specific population subgroup without a general population comparator group, or 
studies conducted in institutional settings such as nurseries, hospitals or the military 
were excluded. Table 3.6 reports inclusion and exclusion criteria in detail. 
Table 3.6: Inclusion and exclusion criteria 
 
Information sources 
The pilot application of search terms was conducted in May 2015. Systematic 
searches of three databases were undertaken (MEDLINE (Ovid); Scopus and Web of 
Science Core Collection) on 13th October 2015. Hand searching via reference lists of 
studies deemed eligible for inclusion was undertaken. Experts in the field of GI 
infections were consulted to identify any additional studies that were not found using 
Inclusion criteria 
- Studies quantitatively measuring the prevalence or incidence of any symptomatic 
gastrointestinal infection in a representative population sample 
- Studies quantitatively measuring socioeconomic status at an individual or aggregate level by 
occupation, income, education, employment or area deprivation  
- Studies reporting  a quantitative association between the first two inclusion criteria i.e. 
reporting an association between gastrointestinal infection and socioeconomic status  
- Studies written or translated into English language 
- Studies reporting on human subjects  
- Subjects selected from the populations of countries that are members of the OECD, reporting 
data after 1980 or the date that they became a member of the OECD 
- Studies reporting on data collected after 1980  
- Observational studies 
Exclusion criteria 
- Studies not providing a quantitative measure  
- Unrepresentative population sample 
- Outbreak reports 
- Studies analysing travel related cases only 
- Review studies 
- Case reports 
- Studies not available in English 




the above information sources. In addition, grey literature searches were performed 
using the Google Scholar search application and the Google internet search engine 
on 11th and 12th January 2016 respectively. For included studies which lacked 
quantitative data to allow for inclusion in meta-analyses, authors were also contacted 
for additional information where possible. 
Search  
Three search strategies were employed. A pilot review was conducted prior to the 
final systematic review, in May 2015. The aim was to identify relevant search terms 
and to test these search terms and the eligibility criteria used for screening in the 
review.  In order to identify all relevant literature on the relationship between 
socioeconomic inequalities and gastrointestinal infections from biomedical, scientific 
and social science literature,  three literature databases (MEDLINE, Scopus and Web 
of Science) were systematically searched using the piloted search terms. MeSH 
Subject Heading terms were used and these were adapted for each database as 
appropriate (Appendix 2.3). Using database filters, the results were restricted to 
publications which analysed data from 1980 to the date of the search only (13th 
October 2015). Boolean search operators (and, or) were used to link search terms in 
order to search for any of the GI infection terms, socioeconomic terms and 
geographical terms in conjunction.  An illustration of the search terms used is 
reported in table 3.7. 
A range of socioeconomic terms and measures were considered in order to capture 
the variety of methods used to define individual- or area-based socioeconomic status, 
as identified by the pilot review (Appendix 2.3). The infection terms selected for this 
search were based upon gastrointestinal infections which are known to cause the 
greatest burden of disease in high income countries. Whilst not exhaustive, the list is 
intended to provide a broad spectrum of bacterial, viral and protozoal infections. The 
decision to include studies which looked at non-laboratory confirmed disease, as 
defined by symptoms experienced, was taken in order to be as inclusive as possible 
and to determine potential inequalities in healthcare interaction or reporting for 
gastrointestinal symptoms. Studies which reported on chronic or long-term 
gastrointestinal symptoms were not included.  
  




Table 3.7: Illustration of search terms used   
Infection terms AND Socioeconomic terms AND Geographical terms 
Acute gastroenteritis  Depriv*  Australia 
Bacillus cereus  Disadvantag*  Austria 
Caliciviridae  Education*  Belgium 
Campylobacter  Employment  Canada 
Clostridium perfringens  Income*  Chile 
Cryptosporidiidae  Inequalit*  Czech Republic 
Diarrh*  Occupation*  Denmark 
Diarrhea  Poorest  Estonia 
Dysentery, Bacillary  Poverty  Finland 
Enteric infection*  Salary  France 
Enterobacteriaceae Infection*  Social Class  Germany 
Escherichia coli  Social determinant*  Greece 
Escherichia coli Infections  Social factor*  Hungary 
Food poisoning*  Socio*  Iceland 
Foodborne Diseases  Socioeconomic*  Ireland 
Gastric flu  Socioeconomic Factors   Israel 
Gastrointestinal bacteria  Underprivileged  Italy 
Gastrointestinal infection*    Japan 
Gastrointestinal pathogen*    Korea 
Giardia    Luxembourg 
Hepatitis A    Mexico 
Hepatitis E    Netherlands 
Infectious intestinal disease*    New Zealand 
Listeria    Norway 
Norovirus    Poland 
Rotavirus    Portugal 
Salmonella    Slovak Republic 
Salmonella Infections    Slovenia 
Sapovirus    Spain 
Scombro*    Sweden 
Shigella    Switzerland 
Small round structured virus*    Turkey 
STEC    United Kingdom 
Stomach bug*    United States 
Stomach flu     
Stomach virus*     
VTEC     
Winter vomiting disease*     
Yersinia enterocolitica     
*indicates truncated term to allow for different suffixes  
 
Secondly, reference lists of studies selected for inclusion in the review were searched 
to identify potentially relevant articles that may have been missed by the electronic 
database searching. References deemed potentially relevant were sought and 
screened for inclusion using the pre-defined inclusion and exclusion criteria.  
Finally, grey literature searching was conducted using a sub-set of the search terms 
(“gastrointestinal infection”, “gastroenteritis”, “diarrhoea”, “diarrhea”, 
“socioeconomic”, “social class”, “income”, and “deprivation”), which were entered 




into the Google internet search engine and Google Scholar search application and the 
first 100 results returned from each were screened for inclusion against the inclusion 
and exclusion criteria. References within the grey literature selected for inclusion 
were also reviewed against the same criteria. The results from the three searches 
were exported into reference managing software (Endnote version X8) where they 
were combined and duplicates removed.  
Study selection 
Studies were assessed against the inclusion and exclusion criteria (Table 3.6) based 
on titles and abstracts. To ensure consistency of the application of the criteria, studies 
were screened independently by two researchers and discrepancies reviewed and 
resolved through discussion. Studies deemed eligible for inclusion on this basis were 
then reviewed using the full-text in the same way. Where full-texts were not 
available online, they were sought via institutional library sharing agreements. 
Where this was not possible, authors of the studies were contacted directly via email. 
All full-text studies were screened independently by the same two reviewers to 
ensure that they conformed to the inclusion and exclusion criteria.  
Details of included studies are presented in Appendix 2.4. Studies which reported 
quantitative results or reported quantitative results in-text without data or results 
tables to corroborate the findings were selected for inclusion in the synthesis using 
Harvest Plots. Where results were reported in-text but without quantitative results or 
where clarifications on data items were required, study authors were contacted and 
asked to provide further details. Where it was not possible to gain quantitative 
results, either from the full-text or through contact with authors, these studies were 
excluded from the meta-analyses. Full details of the studies excluded from the meta-
analyses are provided in Appendix 2.4. Details of the studies excluded following full 
text review are provided in Appendix 2.5. 
Data collection process 
A record of databases, terms and dates of searches was kept and Endnote (version 
X8) was used to record and store references generated by the search. Data were 
extracted into a standardised Excel spreadsheet by one reviewer and were checked 
for accuracy by the second reviewer. This standardised data extraction form was 




piloted prior to use. Where information was missing or unclear, authors were 
contacted to obtain the relevant details. 
Data items 
For each study, information on the aim/hypothesis; study design; level of analysis; 
country; sample size; age of individuals in the sample under analysis; measurement 
of GI infection; measurement of SES; covariates and results of each study (Appendix 
2.6) were recorded.  Where studies did not present quantitative results via results 
tables and it was not possible to obtain further details from authors, these results 
were recorded as non-significant findings. Studies which presented adjusted results 
were recorded and noted, in addition to unadjusted results. Results from multivariate 
and univariate analyses were recorded separately. Where more than one study design 
was reported, the study design which yielded the results was recorded. Where 
multiple SES and GI measures were used, all were reported separately.  
Risk of bias in individual studies  
Risk of bias and quality assessment of the identified studies were conducted by each 
reviewer independently and then reconciled. The Liverpool University Quality 
Assessment Tool (LQAT) was used for this review, which allowed for the 
methodological quality of the studies to be assessed using a tool specific to each 
study design (Pope, 2015). The LQAT incorporates a star rating system to assess and 
quantify absence of bias, misclassification and confounding and the number of stars 
available differed by study design (Appendix 2.7). Stars were awarded for absence of 
bias and the combined total number of stars obtained after reviewing the study 
against all the relevant criteria was then converted to a percentage of the total stars 
available for each study design. Tertiles were created for each study design based on 
the quality score, with the highest tertile equating to high quality and the lowest 
tertile equating to low quality. Scores in the middle tertile were regarded as medium 
quality. The LQAT has been used in a number of other reviews (Puzzolo et al., 2013, 
Rehfuess et al., 2014) and has been independently evaluated against other quality 
assessment tools and compared favourably (Voss and Rehfuess, 2013). Any 
discrepancies between reviewers in the quality assessment of the studies were 
discussed, the studies were re-examined, and an agreement reached. The quality 
rating was reflected in the data synthesis through the height of bars in the harvest plot 




and the impact of quality across studies was tested through a sensitivity meta-
analysis excluding studies with a low quality score.  
Summary measures 
The direction of the association was recorded for summary in the harvest plots. The 
principal summary measures extracted from the studies were odds ratios, relative 
risks, hazard ratios and rate ratios. As hazard ratios, odds ratios and rate ratios can be 
considered analogous (Higgins and Green, 2011) and odds ratios approximate the 
relative risk when the disease incidence is rare (Davies et al., 1998, Higgins and 
Green, 2011, Stare and Maucort-Boulch, 2016), these summary measures were 
combined in both the harvest plots and meta-analyses. Odds ratios may be slightly 
more extreme than rate ratios depending on how rare the outcome is; in this review, 
rates were generally low and, given the large heterogeneity across studies, this was 
not considered to alter the results. Adjusted results were selected over unadjusted 
results. Where necessary, standard methods were used to calculate the risk ratios and 
confidence intervals (Higgins and Green, 2011). 
Several studies measured socioeconomic status as a continuous variable and/or 
presented results per unit increase. For these studies the corresponding increase for a 
high compared to low comparison was estimated based on the literature and this was 
used to calculate the relevant measure of effect for this change. Where studies 
provided information on the distribution of the data and the range of the exposure, it 
was possible to validate this assumption. Where studies presented the relationship 
between high socioeconomic status compared to low socioeconomic status, the 
inverse of the results were taken in order to present the results as high compared to 
low socioeconomic status. One study (Beale et al., 2010), presented results as a 
cumulative incidence. For this study, the ratio of low socioeconomic status to high 
socioeconomic status was taken as a proxy for the measure of overall risk. For three 
studies (Beale et al., 2010, Bemis et al., 2014, Fein et al., 1995), only the total sample 
size was known.  For Bemis et al. (2014), the total number of cases and the incidence 
per 100,000 population in the high and low socioeconomic groups were the only 
known total and therefore it was assumed that the denominators in the exposed and 
unexposed groups were the same in order to calculate the correct measure of effect. 
For Fein et al. (1995), only the total sample size and the total number of cases were 




known, along with the proportion of cases in the two socioeconomic measure groups. 
It was therefore assumed that the two socioeconomic groups were equal in size to 
calculate the number of cases in each group and to calculate the correct measure of 
effect. For Beale et al. (2010), only the total sample size and the proportion of cases 
in each group was known. The original group sizes, prior to exclusions, were also 
known therefore it was assumed that the proportion of exclusions in each group was 
equal and the group sizes recalculated on this basis. The number of cases in each of 
these new group sizes was calculated using the known proportions in order to 
calculate the measure of effect. The reformatting of these results was conducted in 
Stata 13.1 (Statacorp, Texas).  
Synthesis of results 
Harvest plots were used to display and summarise the results of the studies. Harvest 
plots allow also for the inclusion of studies which do not provide the quantitative 
results of analyses (Ogilvie et al., 2008) – such studies would be excluded from 
statistical analytical approaches such as meta-analysis. In the Harvest Plots, each 
study was represented by a single bar. The height of each bar was used to 
demonstrate the quality score of each study, with the lowest bar representing low 
quality studies and the highest bar representing high quality studies, in order to 
determine the strength of the evidence. The position of the bars detailed whether the 
results showed lower risk with lower SES, no association or greater risk with lower 
SES. Children were defined as participants of studies aged less than 18 years; adults 
were defined as participants of studies aged 18 years or older. Studies were grouped 
according to the level at which they measured SES, with area-level SES referring to 
studies which grouped individuals and assigned SES based on characteristics of the 
geographical area in which they resided, and individual-level SES referring to studies 
in which  individuals were directly asked to report  their SES. The harvest plots 
classify studies according to three potential categories of results; GI infection risk 
was lower in more disadvantaged groups; GI infection risk was higher in more 
disadvantaged groups; no significant association found between GI infection and 
SES. The latter category of no significant association was determined either where 
statistical significance could not be verified or where no significant association was 
demonstrated in the quantitative results presented. Harvest Plots were stratified by 
age (adults compared to children); level of SES measure (individual compared to 




aggregate); type of GI infection measure (population based surveys, GP presentation, 
hospitalisation and laboratory records); and predominant mode of transmission for 
studies using laboratory confirmed GI infections (foodborne, person-to-person, 
waterborne and environmental). Trends identified within the harvest plots were used 
to inform the subsequent meta-analyses. 
Studies which presented statistical summary measures for the association between 
SES and GI infection, or for which these data could be obtained, were included in the 
meta-analysis. Meta-analyses were conducted in R (version 3.3.1). Where studies 
analysed the same cases and could not be considered independent samples or 
provided multiple estimates, only one estimate was retained in the meta-analysis to 
avoid double counting of cases. Where results of analyses using multiple SES 
measures were presented, education level was chosen as the SES measure (where 
available) as this was the most commonly used measure across all studies. Estimates 
which adjusted for the potential confounders, such as age and sex, were 
preferentially chosen for inclusion over univariate results. A potential issue with 
including the same study multiple times, where the study presented results of 
independent samples (for example adults and children, or multi-pathogen studies), in 
random-effects meta-analyses is that within-study variability of the different 
estimates would be treated as between-study variability. Studies with multiple 
estimates would therefore have disproportionately high weight in the pooled 
estimate. To overcome this, fixed-effects meta-analyses were first used to combine 
estimates from the same study. Fixed-effect meta-analysis assumes that the observed 
differences in study results are not due to statistical heterogeneity but rather due to 
chance and are assumed to estimate a common (fixed) effect; any differences are 
therefore the result of sampling variability  (Higgins and Green, 2011). 
The combined estimates generated by the fixed-effects meta-analyses were then 
pooled with the remaining studies using an inverse variance random-effects model  
which estimates the amount of variation between studies and adjusts the study 
weightings according to the amount of heterogeneity among the effects (Higgins and 
Green, 2011). Due to the high levels of heterogeneity between the studies in terms of 
population, design, GI infection measure, SES measure and measure of effect, and 
the potential for unexplained heterogeneity, random-effects meta-analysis allows 
these differences to be considered random (Higgins and Green, 2011) and the 




corresponding confidence intervals and therefore interpretation of results will be 
more conservative. The I2 statistic was used to assess the level of statistical 
heterogeneity in the meta-analyses, with values of 30 to 60%, 50 to 90% and 75 to 
100% used to denote moderate, substantial and considerable levels of heterogeneity, 
respectively (Higgins and Green, 2011). 
Risk of bias across studies  
Small study effects, as an indicator of publication bias, were assessed using a funnel 
plot. Studies were also summarised by quality rating and the robustness of the meta-
analysis was tested through sensitivity analysis on the basis of study quality. 
Sensitivity analyses 
Potential moderating factors were identified a priori (Rose et al., 2016) and subgroup 
analyses were performed on this basis, with separate tables created for each 
subgroup. These subgroups included pathogen type; age; country (based on climate 
and level of development); GI infection measure used; SES measure used; and level 
of analysis (individual or aggregate). The Human Development Index (United 
Nations Development Programme, 2016) was used to classify the countries by 
relative level of development, and climate zones were assigned based on the Köppen 
Climate Classification System (Met Office, 2015). The harvest plots detailed the 
number of studies finding a positive, negative and no association, across the 
categories of the subgroup. 
Random-effects meta-regression (Berkey et al., 1995, Thompson and Sharp, 1999) 
and subgroup meta-analyses were conducted using the potential moderating factors 
described above. Sensitivity analyses were performed on the forest plots to see 
whether the pooled estimates were affected by restricting inclusion to high and 
medium quality studies only, adjusted estimates only, studies which did not control 
for or match on SES only and studies which provided results only as opposed to 
results calculated from raw data provided by studies.  
Study 2: Socioeconomic status and infectious intestinal disease in the community: a 
longitudinal study (IID2 Study) (Chapter 5) 
In Chapter 5, I present results from a longitudinal analysis of data collected through 
the IID2 Study to explore the association between socioeconomic status (SES) and 




risk of IID in the community in the UK. The methods used in this study chapter are 
detailed below. 
Rationale 
A large proportion of the burden of GI infection remains hidden; it is estimated that 
there are 147 cases in the community for every one case reported to national 
surveillance (Tam et al., 2011a); many individuals do not present to healthcare as 
most infections are self-limiting. Additionally, it is unclear whether socioeconomic 
patterns reported in hospital and laboratory-based surveillance reflect differences in 
risk of infection or reporting and healthcare interaction (Dunlop et al., 2000).  
Longitudinal population-based survey data may provide better estimates of 
differences in risk of infection, particularly in the community, which may not be 
captured through routine surveillance. 
Objectives 
This study aimed to explore whether different socioeconomic groups experience 
different risk of GI infection in the UK, through the secondary analysis of a large 
prospective population cohort, to improve understanding of the role of SES in IID in 
the community and to inform policies to reduce health inequalities. This study 
provides an up-to-date assessment of the association between IID and SES for all 
ages in the UK. 
Information source 
The data for this study were taken from the prospective cohort study element of the 
IID2 Study. This study is described in more detail in the description of data sources 
section above and in Chapter 2. The study estimated that approximately 25% of 
people in the UK experience an episode of IID each year and that the age-sex 
standardised incidence of IID in the community was 274 per 1,000 person-years 
(Tam et al., 2011a). Although several analyses have been conducted on this dataset, 
the role of SES in the risk of IID has not been the focus. 
Ethics  
Ethical approval and informed consent were originally obtained for the main study 
(07/MRE08/5). This included the provision to use the data for future research. 




Approval for this secondary analysis of the fully anonymised datasets was not 
required (Tam et al., 2011a).  
Eligibility/entry criteria 
After assessment for eligible follow-up time, a cohort of 6,836 randomly-selected 
participants was recruited from 88 representative general practices in the UK (Figure 
3.4). Sociodemographic information including age, gender and occupation were 
obtained through a baseline survey upon entry to the cohort and details of IID 
symptoms were recorded on a weekly basis for up to one year, from October 2007 to 
August 2009, through the return of an email or postcard indicating whether 
symptoms of diarrhoea and/or vomiting had been experienced in the previous week. 
Individuals who reported symptoms completed a more in-depth questionnaire 
through which details of illness and healthcare contact were recorded.  
Infectious intestinal disease was defined as loose stools or clinically significant 
vomiting (vomiting occurring more than once in 24-hours and if it incapacitated the 
case or was accompanied by other symptoms such as cramps or fever (Tam et al., 
2011a)) lasting less than two weeks, in the absence of a known non-infectious cause, 
preceded by a symptom-free period of three weeks (Tam et al., 2011a). Cases 
experiencing illness considered to be travel-related were excluded. 
  




Figure 3.4: Recruitment of participants into the cohort study (Study 2) 
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Extraction of data 
Follow-up data for all 6,836 participants with eligible follow-up time in the cohort 
study, including details of demographics and, for definite cases, information on 
symptoms and healthcare contact were available. These data were held across several 
Microsoft Excel datasets; therefore data were linked in Microsoft Access to provide 
one dataset with the relevant socio-demographic, clinical and follow-up data. Small 
numbers necessitated the recoding of ethnicity into two categories (White and non-
White). The NS-SEC variable was recoded in to the 3-class version from the 5-class 
version in order to provide a hierarchy of socioeconomic status in the analysis.  
Individuals were able to re-enter the cohort following a period of three weeks to 
allow for a period of recovery to ensure any subsequent episodes captured were 
likely to be the result of a new episode rather than the continuation or recurrence of 
the same episode. For the purpose of the primary analysis only the first event was 
retained and subsequent episodes were coded as such for use in robustness testing. 
Primary outcomes and covariates 
The primary outcome of interest was the development of IID. See case definitions 
above for further details on how the outcome was defined. The primary exposure of 
interest was an individual- level measure of SES, self-reported occupation, with each 
individual assigned an NS-SEC category using the five-class self-coded version 
(Office for National Statistics).   For participants aged less than 16 years, NS-SEC 
was assigned based on the occupation of the head of the household. Routine and 
manual occupations were assumed to be broadly equivalent to low SES and 
professional and managerial occupations to high SES (Office for National Statistics).  
A second measure of SES was also available;  the Index of Multiple Deprivation 
(Department for Communities and Local Government, 2011), which was assigned to 
individuals based on their postcode. This measure of SES was used to conduct 
robustness testing to assess whether using an area-based measure of SES, instead of 
an individual measure, modified the results.  
Data on the initial age at the start of the follow-up period, sex, ethnicity, type of 
follow-up (postcard or email) and rural urban classification based on individual 
postcode were collected for participants. Foreign travel could not be used as a 




covariate in this study as this information on foreign travel was collected for cases 
only.  
Statistical methods 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). Rates of IID within the 
study population and by SES were calculated accounting for follow-up time, to 
produce rates of IID per 1,000 person-years with associated 95% confidence 
intervals. This was calculated by summing the number of new cases of IID during the 
follow-up period and dividing this by the total person-time at risk during the follow-
up period. Comparisons of incidence rate between exposed (low SES; NS-SEC 
routine/manual) and unexposed (high SES; NS-SEC professional/managerial) groups 
were made using incidence rate ratios.  
Descriptive statistics were undertaken to understand the differences between the SES 
groups as well as the sample sizes for each stratified variable. Data on IID episode, 
age, sex, ethnicity, follow-up type and rural urban classification were considered for 
differences between SES groups. Associations between the primary exposure of 
interest (SES) and the explanatory variables were assessed using the Chi Square test. 
The main analysis investigated the relationship between SES, as measured by NS-
SEC, and time to first IID episode for each participant using Cox proportional hazard 
regression modelling, with subsequent episodes of IID for an individual being 
dropped. Univariate relationships between SES and the covariates of interest; rurality 
and employment status (employed/not working); were explored before fitting a 
multivariate Cox proportional hazard regression model. Ethnicity and follow-up type 
were excluded as these were not considered to be confounders although the model 
was re-run to include ethnicity as a sensitivity analysis. Adjusted hazard ratios and 
95% confidence intervals were produced. Interaction terms between the 
socioeconomic variable NS-SEC and each variable in turn were tested for inclusion 
to investigate whether the strength of any relationship was moderated by the 
inclusion of another variable. The baseline hazard was stratified on age group and 
sex to allow for a direct comparison between individuals of the same age group and 
sex when assessing the estimate of interest whilst still allowing for the inclusion of 
age and gender as potential effect modifiers. The assumptions of Cox proportional 
hazards modelling were tested using log-log plots to test the proportional hazards 




assumption for each predictor and a global test to assess whether the model overall 
met the proportional hazards assumption. A Kaplan-Meier survival curve was 
constructed showing time to occurrence of first episode of IID by NS-SEC. 
Sensitivity analyses 
A number of robustness tests were conducted. In this cohort study multiple outcomes 
were possible, whereby a participant could be studied for the same outcome more 
than once due to the outcome being reversible and the individual recovering to go on 
and experience a new, and likely unrelated, outcome later in the follow-up period. 
This means that the observations may not be truly independent and there may be less 
variation than anticipated. The analysis was therefore repeated allowing individuals 
with multiple episodes of IID to re-enter the cohort following a period of censoring 
(due to symptoms meeting the case definition and requiring a censored period of 
three weeks after cessation of symptoms; non-response; or symptoms not meeting the 
case definition), accounting for clustering within individuals by using a robust 
estimate of variance allowing for inter-person correlation. This was achieved through 
the use of a frailty model, an extension of the Cox proportional hazards, which is a 
random effect model for time to event data where the random effect (frailty) has a 
multiplicative effect on the baseline hazard function (Wienke, 2003).  
The analysis was repeated using a less sensitive case definition, whereby individuals 
reporting symptoms which could not be verified against the case definition (due to a 
lack of further details about foreign travel or symptom duration) were also included 
as cases in the analysis. The analysis also was repeated including those unclassifiable 
within NS-SEC to investigate whether this had an impact on the results. This NS-
SEC group comprised individuals for whom it was not possible to classify their 
occupation or who did not respond to occupation questions.  
Additionally, as the NS-SEC data for this group could be classed as missing, 
Multiple Imputation using Chained Equations (MICE) (UCLA Institute for Digital 
Research and Education, 2017a) was used to statistically simulate NS-SEC 
categories for these cases. As the outcome for this analysis was binary (IID 
symptoms experienced or not) this method was the most appropriate as it uses a 
separate conditional distribution for each imputed variable (UCLA Institute for 
Digital Research and Education, 2017a). The analysis was then repeated.   




The analysis was also stratified by age group to determine whether there were 
differences in the rate of IID by SES for children, adults and older participants by 
repeating the analysis on the relevant subset of data by age group. The main analysis 
was re-run to include ethnicity, as this was excluded from the main analysis. Finally, 
the analysis was repeated using an area-level measure of SES, the Index of Multiple 
Deprivation (IMD) (Department for Communities and Local Government, 2011), 
assigned to each individual based on their postcode.  
Study 3: Investigating socioeconomic inequalities in diarrhoea and vomiting in the 
community accessing telephone-based advice (Chapter 6) 
In chapter 6, I present results from an observational analysis of calls to national 
telephone helplines for health advice (NHS Direct and NHS 111). The methods used 
in this study chapter are detailed below. 
Rationale 
National studies of IID in the UK (Tam et al., 2011a) have estimated that a quarter of 
all individuals in the UK suffer from IID each year but a large proportion of this 
burden is hidden, with 147 cases in the community for every one case reported to 
national surveillance (Tam et al., 2011a). It is not clear whether this hidden burden is 
distributed equally across society. Building on analysis exploring the role of SES in 
the community seeking no healthcare advice, this analysis explores the role of SES in 
the community seeking health advice from two national telephone helplines. 
Crucially, this does not require a caller to attend a healthcare setting which is 
important if the decision to seek care is related to SES; and allows for a comparison 
between those not seeking care and those seeking telephone-based advice but not 
attending a healthcare setting. Furthermore, this is the lowest level of healthcare 
interaction for which there is a high level of ascertainment.  
Objectives 
This study aimed to investigate the relationship between socioeconomic status and 
calls to the national telephone helplines for health advice with symptoms of 
diarrhoea and vomiting; defined as GI calls; contributing to the understanding of 
socioeconomic and socio-demographic inequalities of GI infections in the UK.  





The data for this study were extracted from the HPA/PHE NHS Direct/111 
syndromic surveillance systems. These datasets are described in more detail in the 
description of data sources section above. 
Ethics  
This study falls under the existing HPA (now PHE) permissions under Section 251 of 
the NHS Act 2006. No identifiable data were used in this study therefore specific 
ethical approval was not required. The data used were routine syndromic surveillance 
data collected by HPA/PHE to undertake the real-time syndromic surveillance 
service; permission to use the syndromic surveillance datasets for this research was 
obtained from the PHE/NHS 111 steering group.  
Eligibility/entry criteria 
All calls made to NHS Direct (October 2010 to July 2013) or NHS 111 (October 
2013 to July 2015) and recorded in the HPA/PHE NHS Direct/111 syndromic 
surveillance systems  for which a valid English postcode was available were included 
in this study. Only calls from postcodes in England were selected in order to ensure 
consistency between the two systems as NHS 111 is a service for England only. 
Figure 3.5 describes the flow of participants included in this study. Due to the 
changeover between systems, no data were extracted between August 2013 and 
September 2013 to allow for potential drop-off and uptake of reporting across the 
two systems. 
Data were aggregated at call-level; by number of calls about diarrhoea, vomiting or 
other non-diarrhoea or vomiting symptoms for the given date, postcode district, age 
and gender.  
  




Figure 3.5: Selection of participants to national telephone helpline for health 







*Aggregated to postcode district, age and gender 
 
Extraction of data 
Data were extracted from the NHS Direct and NHS 111 systems, which are held 
securely by PHE, into two separate Microsoft Excel spreadsheets. These were 
combined and cleaned in R (version 3.3.1).  
Calls to NHS 111 
October 2013 to July 2015 
n=16,520,159 
Calls to NHS Direct 








England only calls 
n=24,236,249 
Included calls  
n=24,214,879 





NHS Direct dataset 
n=24,985 
NHS 111 dataset 
n=24,985 




Primary outcomes and covariates 
The primary outcome of interest was calls for which symptoms of diarrhoea and/or 
vomiting was recorded as the reason for the call; these outcomes were used as 
proxies for acute gastroenteritis (GI-calls). Calls for reasons other than 
diarrhoea/vomiting were coded as non GI-calls and used as a comparator group.  
For this analysis, only postcode district, the first part of a postcode, was available. 
The primary exposure of interest was SES which was determined using a small area 
deprivation measure, the Index of Multiple Deprivation 2010 (IMD) (Department for 
Communities and Local Government, 2011). In order to link the IMD to each 
postcode district, it was necessary to create population-weighted IMD scores to 
account for the potential for multiple IMD scores to relate to a single postcode 
district due to differing geographical areas. This was then divided into population-
level quintiles, with the first quintile representing the least disadvantaged and the 
fifth quintile representing the most disadvantaged; see description of data sources 
section above which provides further details on how the exposure was derived and 
defined.  
Other covariates of interest included age (coded as age groups 0-4, 5-9, 10-15, 16-19, 
20-59 and 60 years and over); sex (male/female); date of call (used to assign calls to 
pre- and post-introduction of NHS111 to assess for any shifts in the socio-
demographic composition of callers based on differences between the two systems); 
and proportion of the population within the postcode district classed as urban 
(operationalised as deciles) to account for potential differences in call volume from 
rural compared to urban areas were included as covariates in this study in order to 
understand the association between GI infection and SES by these variables and to 
assess whether any of them confounded or mediated the relationship. Population by 
postcode district, age and sex were merged with the call data in order to account for 
the underlying population. Due to no individuals of a specific age group and gender 
being resident in some postcode districts, postcode districts with a population of zero 
(n=1,357, 0.1%) were dropped from the analysis. 
Statistical methods 
Analyses were conducted in R (version 3.3.1). An observational study design was 
used to assess the relationship between SES and GI-calls to telephone-based 




healthcare advice systems in England. Firstly, descriptive analysis to assess the 
distribution of all calls by IMD quintile and each covariate in turn was undertaken. In 
order to take account of the underlying population at risk (including those who did 
not call NHS 111 or NHS Direct), rates per 10,000 person-months were calculated 
for GI-calls and non GI-calls. Age- and sex-adjusted incidence rates were also 
calculated for both GI- and non GI-calls separately for comparison.  
The main analysis explored the relationship between SES, as measured by IMD 
quintiles, and GI-calls using a GLM with a Poisson family and log-link function with 
the log population in each postcode district, age group and gender as an offset. The 
Poisson family was selected because the outcome is relatively rare. Poisson is a form 
of regression which allows count data to be modelled; in this model it was used to 
model rate; i.e. the count of events divided by the population. The event (calls) was 
an integer. Calls were thought to be independent and the average frequency for the 
time period of the study was known as it was possible to count how many calls had 
been made and the underlying population was accounted for. The log-link function is 
used for variables which follow the Poisson distribution and exponentiates the linear 
predictors.  The log population was used as an offset because the underlying 
population may have had a proportional effect; that is, to account for the fact that 
areas with a higher population may have a higher call volume.  
Univariate relationships were first explored between the outcome of interest, GI-
calls, and each of the covariates of interest; IMD; age; sex; and urban decile; before 
fitting a multivariable model. All variables were retained in the final model as 
potential confounders or mediators. Adjusted risk ratios and 95% confidence 
intervals were produced. Interactions terms between age and sex, and age and IMD 
Quintile were included.  
Sensitivity analyses  
Several sensitivity analyses were undertaken. Firstly, to explore whether there was a 
linear relationship between GI calls and SES or proportion of the population classed 
as urban, the main model was re-run with raw IMD Score and urban proportion 
included as continuous variables. Secondly, in the main model, postcode districts 
with a population of zero were dropped from the analysis. To assess whether this 
impacted on the results, these populations were recoded to one in order to be 




included in the analysis; the model was then re-run.  Due to a change in protocol for 
NHS Direct in November 2011 which resulted in symptom data in syndromic 
surveillance being unavailable for calls regarding infants under 1, the analyses were 
repeated excluding calls regarding infants under 1 to explore whether this impacted 
on the results.   
Finally, as the rotavirus vaccine was introduced in July 2013 and NHS 111 was 
introduced in October 2013, to assess whether the shift from NHS Direct to NHS 111 
or the introduction of the rotavirus vaccine had any impact on GI-calls, a vaccine 
eligible cohort was assumed to be 0-4 year olds and incidence rate ratios and 95% 
confidence intervals were produced, by year, for this age group and for those aged 5 
years old and over for both GI- and non GI-calls in order to compare trends.   
Study 4: Social patterning of risk factors and development of severe complications in 
a diagnosed GI infection (Chapter 7)  
In chapter 7, I present results from a two-part study; a descriptive analysis of the 
social patterning of risk factors for infection with a specific and severe GI pathogen, 
(STEC); and an analysis of the socio-demographic risk factors in development of 
haemolytic uraemic syndrome (HUS), a severe complication of STEC infection, 
among paediatric STEC cases.  
In this section I will describe the methods related to the descriptive analysis of the 
social patterning of risk factors for STEC.  
Rationale 
In comparison to other GI infections, infection with STEC is rare but potentially very 
serious. Risk factors for STEC infection have been well-documented in the literature 
(Gillespie et al., 2005, Locking et al., 2001, Parry et al., 1998). Despite differences in 
overall risk of STEC by age and gender (Adams et al., 2016b, Byrne et al., 2015, 
Lynn et al., 2005, Vally et al., 2012) it is not clear how risk and exposure to these 
risk factors vary by socio-demographic characteristics. In contrast with the previous 
studies in this thesis, this study uses a laboratory confirmed infection with in-depth 
follow-up of cases to assess socio-demographic patterning of risk factors for STEC.   





This study aimed to explore whether there are differences in clinical symptoms, 
healthcare contact or risk factors for STEC by SES, to assess the direction of any 
associations identified and suggest hypotheses for testing in future studies.  
Information source 
The data for this study were taken from NESSS. This dataset is described in more 
detail in the description of data sources section above.  
Ethics  
This study falls under the existing Health Protection Agency (HPA, now PHE) 
permissions under Section 251 of the NHS Act 2006. In addition, a favourable 
ethical opinion was received from the South East Coast - Surrey Research Ethics 
Committee (15/LO/2138) on 1st December 2015 covering the use of this dataset 
(Appendix 1.1). 
Eligibility/entry criteria 
For inclusion in this study, cases of STEC were defined as all primary, symptomatic 
Shiga-toxin (stx) positive individuals recorded in NESSS between 1st January 2010 
and 31st December 2015 (inclusive). Individuals recorded as secondary or 
asymptomatic, those who were only microbiologically suspect STEC cases and those 
subsequently identified as stx-negative were excluded as follow-up information is not 
routinely obtained for these groups. Individuals for whom no questionnaire was 
available were also excluded. Both sporadic and outbreak-associated cases were 
included. Cases believed to have contracted STEC infection through foreign travel 
were included in models assessing the relationship between SES and clinical 
symptoms or healthcare contact but were subsequently excluded from analyses 
assessing the relationship between SES and risk factors. Figure 3.6 describes the 
flow of participants included in this study.  




Figure 3.6: Selection of participants to STEC risk factor study
 
NESSS – National Enhanced Surveillance System for STEC 
 
Extraction of data 
Data were extracted from NESSS using the inclusion criteria described above. Data 
from NESSS are held in a secure web-based system, which is cleaned and stored in a 
Microsoft Access database. Demographic, clinical, microbiological and exposure 
data were extracted. Small numbers necessitated the recoding of ethnicity into two 
categories (White and non-White). 
Primary outcomes and covariates 
The primary exposure of interest was SES. This was determined using a small area 
deprivation measure, the Index of Multiple Deprivation 2010 (IMD) (Department for 
Communities and Local Government, 2011), assigned to each individual based on 
their full postcode as a proxy for SES and divided into population- level quintiles, 
Cases included in clinical outcomes 
and healthcare contact analysis 
n=3,972 
Individuals reported to NESSS  
01/01/2010 – 31/12/2015 
n=4,115 
Exclusions for analysis: 
Missing/invalid postcode (n=143) 
Cases included in risk factor 
analysis 
n=2,961 
Exclusions for statistical analysis: 
Foreign travel cases (n=1,011) 




with the first quintile representing the least disadvantaged and the fifth quintile 
representing the most disadvantaged; see description of data sources section above 
which provides further details on how the exposure was derived and defined.  
Other covariates of interest included in the analysis were age group (coded as  <1, 1-
4, 5-9, 10-15, 16-19, 20-59 and 60 years and over); sex (male/female); ethnicity 
(White/non-White); rurality (rural/urban); whether the case was associated with an 
outbreak (yes/no); clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting, 
abdominal pain, fever; operationalised as yes/no); healthcare contact (yes/no); 
antibiotic and anti-diarrhoeal use (yes/no); microbiology (stx); whether the case 
reported foreign travel (yes/no) and whether the case reported exposure to a range of 
foodborne, waterborne or environmental risk factors. The presence of stx was used as 
the main microbiological variable in order to assess the relative role of stx genes in 
the development of HUS.  
Missing data 
Where symptoms, travel status, healthcare contact or exposure variables were blank 
or unknown, these were recoded as a negative response. This is a reasonable 
assumption based on known questionnaire completion practices. There were no other 
missing data.  
Statistical methods 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). An observational study 
design was used to assess the relationship between SES and a variety of clinical 
presentation variables and risk factors for STEC infection in England. This was first 
assessed through a descriptive analysis of the patterning of risk factors by IMD 
quintiles. The distribution of the population by IMD quintile overall and by age and 
sex were then used to produce crude incidence rates accounting for the population ‘at 
risk’ to explore whether the socio-demographic patterns identified in the descriptive 
analysis could be explained as following the expected population- level distribution.  
As with Study 2, Multiple Imputation using Chained Equations (MICE) (UCLA 
Institute for Digital Research and Education, 2017a) was used to statistically 
simulate ethnicity categories where ethnicity was missing. As the outcomes for this 
analysis were binary (experiencing clinical symptoms, contact with healthcare and 




exposure to risk factors or not) this method was the most appropriate as it uses a 
separate conditional distribution for each imputed variable (UCLA Institute for 
Digital Research and Education, 2017a). As the level of missingness was relatively 
high, and there were a limited number of variables and cases, fifty imputed datasets 
were generated. The MAR assumption was tested by assessing the distribution of the 
missing ethnicity variable by age and sex. 
A series of univariate and multivariable logistic regression models were estimated to 
assess the relationship between SES and each outcome variable in turn, which were 
selected based on whether each had a statistically significant relationship with IMD 
in the descriptive analysis (p=<0.05). Firstly, univariate logistic regression models 
were fitted with IMD quintile and each clinical (outbreak-associated, diarrhoea, 
vomiting) and healthcare contact (GP, A&E, hospitalisation) variable in turn. 
Multivariable logistic regression models were then fitted with IMD quintile and each 
of these variables, adjusting for potentially confounding variables (age group, sex, 
ethnicity, rurality and stx gene which was used as a marker of severity). The 
univariate and multivariable relationship between SES and foreign travel was 
estimated in the same way. Cases thought to have acquired their infection through 
foreign travel were then excluded from further analysis as risk factor data for these 
cases are not routinely collected.   
Univariate and multivariable associations between SES and each of the known risk 
factors for STEC were then estimated based on those which had a statistically 
significant relationship with SES in the descriptive analysis. Firstly, univariate 
logistic regression models were fitted with IMD quintile and each of the risk factor 
variables in turn before fitting a multivariable model to adjust for potentially 
confounding variables (age, sex, ethnicity, rurality). As stx genes are markers of 
severity, this was not included as a potential confounder in this model as this does 
not feature on the causal pathway between SES and exposure to risk factors for 
STEC.  
Sensitivity analyses 
Multiple sensitivity analyses were performed to assess the robustness of the main 
findings. The analysis was repeated excluding outbreak-related cases in order to 
assess the relationship between SES and clinical/healthcare contact and risk factors 




sporadic infections. The analysis was also repeated for cases aged less than 16 years 
to determine whether there were differences in clinical/healthcare contact or risk 
factors by SES for children and for use as supplementary material for the subsequent 
analysis of paediatric HUS cases following STEC infection.  
In the next section I will describe the methods related to the analysis of socio-
demographic risk factors in development of haemolytic uraemic syndrome (HUS) 
among paediatric STEC cases. 
Rationale 
Despite being is a relatively rare but potentially very serious complication which can 
occur following infection with STEC, HUS is recognised as the most common cause 
of acute renal failure in children in the UK (Lynn et al., 2005). There is evidence to 
suggest that the consequences of GI infections are greater for those who are more 
disadvantaged (Olowokure et al., 1999, Pockett et al., 2011, Rose et al., 2017), but it 
is not known whether the burden of HUS in children is equally distributed across 
society; previous studies have suggested that risk of HUS is greater amongst the least 
disadvantaged (Rowe et al., 1991, Whitney et al., 2015) but this has never been 
explored in England.  
Objectives 
This study aimed to investigate the relationship between childhood socio-economic 
circumstances (SEC), STEC infection and subsequent development of HUS in a 
paediatric population in England. 
Information sources 
The data for this study were taken from the National Enhanced Surveillance System 
for STEC (NESSS) and the British Paediatric Surveillance Unit (BPSU) Haemolytic 
Uraemic Syndrome (HUS) Study. These datasets are described in more detail in the 
description of data sources section above. 
Ethics  
Ethical approval was obtained for the original study (Ref: 11/LO/1412). As of 
October 2010, HUS is a statutory reportable condition and this study falls under the 
existing HPA (now PHE) permissions under Section 251 of the NHS Act 2006. In 




addition, a favourable ethical opinion was received from the South East Coast - 
Surrey Research Ethics Committee (15/LO/2138) on 1st December 2015 covering the 
use of this dataset (Appendix 1.1). 
Eligibility/entry criteria 
Paediatric HUS cases, conforming to a set of clinical criteria (Byrne, 2017) and the 
case definition detailed previously, were identified as individuals aged less than 16 
years recorded in the BPSU HUS Study which ran from 1st October 2011 to 31st 
October   2014, and/or through being recorded as a HUS case in the ESQ and 
therefore in NESSS.  
Paediatric STEC cases were identified as individuals aged less than 16 years 
recorded in NESSS who reported experiencing symptoms consistent with STEC 
infection between 1st October 2011 and 31st October 2014. Unlike the previous 
analysis whereby secondary cases were excluded due to the absence of risk factor 
information, in this analysis secondary cases were included as it is possible for 
secondary STEC cases to develop HUS and the socio-demographic characteristics of 
these individuals were known. Cases which were part of known outbreaks were also 
included as exclusion on this basis may have reduced the ascertainment of HUS. 
Cases identified in the absence of microbiological confirmation of STEC were 
included as it is not always possible to obtain a stool sample in HUS cases and 
excluding these individuals may have led to an under ascertainment of HUS. 
Individuals recorded as asymptomatic, those who were only microbiologically 
suspect STEC cases and those identified as stx-negative were excluded as follow-up 
information is not routinely obtained for these groups. Individuals for whom no 
questionnaire was available were also excluded as details of illness for these 
individuals and their HUS status could be established. Figure 3.7 describes the flow 
of participants included in the cohort. Cases of HUS were matched to their record in 
NESSS to create a defined cohort of cases of HUS thought to have developed as a 
result of STEC infection (known as diarrhoeal, or typical, HUS).  
For the purposes of the main analysis, individuals with a serological result and those 
for whom there was no microbiological confirmation of STEC were excluded in 
order to assess the role of stx genes specifically. 




Figure 3.7: Selection of participants to HUS Cohort Study (Study 4) 
 
*An additional 19 HUS cases not reported to BPSU were identified in NESSS; NESSS – National 
Enhanced Surveillance System for STEC; HUS – haemolytic uraemic syndrome; BPSU – British 
Paediatric Surveillance Unit; ESQ – enhanced surveillance questionnaire 
 
Extraction of data 
Data were extracted from NESSS and the BPSU HUS Study using the inclusion 
criteria described above. Both datasets were held in separate secure Microsoft Access 
databases and cases in the BPSU HUS Study dataset were linked using NHS Number 
to those in the NESSS dataset to create a retrospective cohort of STEC cases. Small 
numbers necessitated the recoding of ethnicity into two categories (White and non-
White). 
HUS cases reported  
to BPSU 
01/10/2011 – 31/10/2014 
n=188 
Cases included in retrospective 
cohort study 
n=1,059* 
Individuals reported to NESSS  
aged <16 years 
01/10/2011 – 31/10/2014 
n=1,438 
Exclusions for descriptive analysis: 
Asymptomatic (n=116) 
Microbiologically suspected (n=240) 
No ESQ (n=21) 
Stx negative (n=2) 
Exclusions for statistical analysis: 
Serologically identified (n=66) 
No microbiological information (n=4) 
Analytical dataset 
n=989 




Primary outcomes and covariates 
The primary outcome of interest was the development of HUS. See description of 
data sources section above for HUS case definition which provides further details on 
how the outcome was defined. The primary exposure of interest was an area-level 
measure of childhood socioeconomic conditions (SEC),  the Index of Multiple 
Deprivation 2010 (IMD) (Department for Communities and Local Government, 
2011). This measure was used as a proxy for childhood SEC. The IMD score was 
assigned to each individual based on their full postcode and divided into population-
level quintiles, with the first quintile representing the least disadvantaged and the 
fifth quintile representing the most disadvantaged.   
Other covariates of interest included in the analysis were age group (coded as <1, 1-
4, 5-9 and 10-15 years); sex (male/female); ethnicity (White/non-White); travel 
(yes/no); rurality (rural/urban); microbiology (stx); antibiotic use (yes/no); and 
clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting, abdominal pain, 
fever).  The presence of Shiga-toxin (stx) was used as the main microbiological 
variable in order to assess the relative role of stx genes in the development of HUS.  
Missing data 
Where symptoms, travel status and healthcare contact variables were blank or 
unknown, these were recoded as a negative response. This is a reasonable 
assumption based on known questionnaire completion practices. The stx gene was 
unknown for four individuals but, as previously mentioned, these cases were 
excluded from the analysis to assess the role of stx genes. There were no other 
missing data. 
Statistical methods 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). Descriptive statistics were 
undertaken to understand the differences in distribution by SEC, as well as the 
sample sizes, for each stratified variable. Data on HUS development, age group, sex, 
ethnicity, travel, rurality, region, stx gene, symptoms and healthcare contact were 
considered for differences by SEC. Associations between the primary exposure of 
interest (SEC) and the explanatory variables were assessed using the Chi Square test.  




The main analysis explored the relationship between SEC, measured by IMD 
quintiles, and progression to HUS among paediatric STEC cases using binary logistic 
regression with multiple imputation. Univariate relationships between HUS and the 
covariates of interest; IMD; age; sex; ethnicity; travel; rurality; region; stx gene; 
symptoms; and healthcare contact; were explored before fitting a multivariable 
logistic regression model. This model is appropriate as the outcome of interest is 
binary. All variables were retained in the final model as potential confounders or 
mediators. Adjusted odds ratios and 95% confidence intervals were produced. 
Interaction terms between the socioeconomic variable IMD and each variable in turn 
were tested for inclusion to investigate whether the strength of any relationship was 
moderated by the inclusion of another variable. 
As with Study 2 and the earlier risk factor analysis, Multiple Imputation using 
Chained Equations (MICE) (UCLA Institute for Digital Research and Education, 
2017a) was used impute ethnicity. Again, as the outcome for this analysis was binary 
(development of HUS or not) this method was the most appropriate. As the level of 
missingness was relatively high, and there were a limited number of variables and 
cases, fifty imputed datasets were generated. The MAR assumption was tested by 
assessing the distribution of the missing ethnicity variable by age, sex and region.  
Sensitivity analyses 
A number of sensitivity analyses were undertaken to explore the robustness of the 
results. Fractional polynomial prediction plots for age and sex by HUS status were 
produced to explore the relationship between these variables as it was considered to 
be a non-linear relationship. Fractional polynomial prediction plots can detect the 
best functional form of variables.  
The analysis was repeated excluding cases that were thought to have acquired their 
STEC infection through travel outside of the UK to determine if there were 
differences in progression to HUS by deprivation amongst children who did and did 
not travel.  
Due to the proportion of missing data for ethnicity and the use of multiple imputation 
to account for this, the analysis was repeated excluding the ethnicity variable to 
explore whether the inclusion of the multiply imputed ethnicity variable modified the 




relationship between SEC and development of HUS. To assess for potential 
collinearity between IMD and ethnicity a post-hoc matched analysis on ethnicity was 
conducted.   To achieve this, HUS and non-HUS cases were separated into two 
datasets before being merged using a 1:1 match based on ethnicity. Conditional 
multivariable logistic regression was then used and the results compared to that of 
the main model. This approach removes potential confounding by ethnicity through 
matching on this variable and therefore allows for the assessment of the role of SEC 
independently of ethnicity without the need for dropping this variable. To assess 
collinearity using a different approach, penalised logistic regression on the multiply 
imputed dataset was also conducted. Penalised logistic regression applies a penalty to 
the covariates to control for potential collinearity. The output from this model was 
also compared with that of the main model.  
3.6 Summary 
The methods used within the four empirical studies comprising this thesis have been 
selected in order to answer the overarching question of whether there are 
socioeconomic inequalities in risk of and exposure to GI infections in the UK, as 
well as the specific research objectives of each chapter. Multiple data sources and 
sensitivity analysis have been used to cross-validate and assess the robustness of the 
findings wherever possible and together provide a clearer picture of the role of SES 
in risk of and exposure to GI infections. The results of these studies are presented in 















Chapter 4 – Study 1 (Objective 1) 
Relationship between socioeconomic status and risk of 
gastrointestinal infections in high income countries:  
A systematic review and meta-analysis 






The association between socioeconomic status (SES) and ill-health is well-
documented but limited up-to-date evidence on the relationship between SES and 
risk of gastrointestinal (GI) infections exists, with individual published studies 
producing apparently conflicting results. A systematic review was needed to clarify 
these discrepancies in the literature.  
Review question 
What is the extent and nature of the association between SES and risk of GI infection 
in high income countries?  
Methods 
Three systematic methods were used to identify relevant literature published from 
1980 until October 2015. Firstly, searches were conducted using three electronic 
databases: MEDLINE, Scopus and Web of Science Core Collection. Secondly, 
reference lists of identified studies were interrogated for additional relevant 
literature. Finally the grey literature was searched. Screening of the results was 
performed by two reviewers using pre-defined inclusion and exclusion criteria. The 
reference lists of included studies were then searched and Google was used to search 
for grey literature.  
Observational studies were included if they were conducted between 1980 and 
October 2015 and reported a quantitative association between symptomatic GI 
infections and SES in a representative population sample from a member-country of 
the Organisation for Economic Co-operation and Development (OECD).   
Data were extracted using a standardised, validated form. Study quality was assessed 
using the Liverpool University Quality Assessment Tools (LQAT). Harvest plots 
were created for comparison stratified by age; level of SES variable; GI 
ascertainment method; and predominant mode of transmission. Meta-analysis was 
performed on a subset of data for which quantitative results were available.  
  





In total, 6021 studies were identified; 102 met the inclusion criteria. Overall risk of 
GI infection for low versus high SES was 1.06 (95% CI 0.95–1.19). For children, 
risk of GI infection was higher for those of low SES versus high (RR 1.51, 95% CI 
1.26–1.83), but there was no association for adults (RR 0.83, 95% CI 0.61–1.14). 
Limitations 
There was a large amount of unexplained heterogeneity across studies, which is 
likely due to the variations in the primary aims and the measures used to assess the 
association between SES and risk of GI infection as well as the variables used to 
provide adjusted estimates. Non-English language studies were excluded and 
countries in transition between low/middle and high income were included, which 
could limit interpretation of the results.  
Conclusions and implications of key findings 
Disadvantaged children, but not adults, have greater risk of GI infection compared to 
their more advantaged counterparts. Increased risk may relate to different exposures, 
vulnerability or healthcare-seeking behaviours across socioeconomic groups. 
Gaining further insight into this relationship will help inform policies to reduce 
inequalities in GI illness in children. 
Systematic review registration number 
The systematic review was registered on PROSPERO: CRD42015027231. 
  




4.1 Introduction  
This study was designed to address gaps in the literature identified in the literature 
review (Chapter 2). The overall objectives of the research within this thesis have 
been detailed in Chapter 1. This chapter addresses Objective 1: To conduct a 
systematic review of existing evidence of socioeconomic inequalities in risk of GI 
infections in high income countries, by answering the research question: ‘For 
individuals from high income countries, is there evidence that lower compared to 
higher SES is associated with higher or lower incidence/prevalence of GI infection?’. 
Gastrointestinal  infections, caused by organisms such as bacteria, viruses or 
protozoa (Adak et al., 2002), are common, leading to diarrhoea and vomiting as well 
as other more serious health problems, such as haemolytic uraemic syndrome (HUS) 
(Byrne et al., 2015), Guillain-Barré syndrome (McCarthy and Giesecke, 2001), 
irritable bowel syndrome (Neal et al., 2002) and reactive arthritis (Dworkin et al., 
2001); and can result in interference with normal day-to-day activities. Published 
estimates suggest that around one in four people in the UK suffer an episode of IID 
per year, and foodborne illness (a proportion of IID) in England and Wales results in 
costs of around £1.5 billion per year to the NHS, the economy and individuals (Tam 
et al., 2011a). Whilst associations between low SES and higher risk of a variety of 
other diseases, such as cancer and coronary heart disease (Graham, 2009), human 
immunodeficiency virus and tuberculosis (Biering-Sørensen et al., 2012, Hughes and 
Gorton, 2015, Semenza, 2010) have been established in the literature, there is no 
conclusive evidence to indicate whether the burden of GI infection is felt equally 
across the whole socioeconomic spectrum of society or whether certain population 
groups are at greater risk.  
As outlined in Chapter 2 (Literature Review), multiple risk factors for GI infection 
have been investigated in the literature, including environmental risk factors such as 
population density and rurality, and individual- level risk factors such as sex, 
ethnicity, host-factors and foodborne, waterborne and environmental exposures 
(Bessell et al., 2010, Davis et al., 2013, Tam et al., 2013, Zappe Pasturel et al., 2013). 
The youngest age groups and the elderly are most at risk (Majowicz et al., 2007, 
Olowokure et al., 1999, Tam et al., 2013). As established in Chapter 2 (Literature 
Review), the role of SES in the risk of GI infection is far less clear and inconsistent 
results have been observed in the published literature, with some studies reporting 




higher risk of GI infections among lower socioeconomic groups (Biering-Sørensen et 
al., 2012, Olowokure et al., 1999, Pockett et al., 2011) and others observing lower 
risk of GI infections among lower socioeconomic groups (de Wit et al., 2001a, 
Pollard et al., 2014). This was echoed in a previously published systematic review 
exploring the impact of SES on laboratory confirmed foodborne illness in high 
income countries, which identified 16 studies across four pathogens with mixed 
results, differing by pathogen (Newman et al., 2015). That review was limited to 
foodborne pathogens and did not include syndromic definitions of GI infections, 
which are important if the pathway to laboratory diagnosis is thought to vary by SES. 
Due to the small number of studies identified by the (Newman et al., 2015) review, 
the authors were unable to conduct a meta-analysis to statistically synthesise their 
findings.  
Given the conflicting results of the systematic review conducted by Newman et al. 
(2015) and as emphasised in the illustrative literature review conducted in Chapter 2, 
a systematic review was warranted to clarify these contradictory results using a 
statistical approach. The systematic review reported here aimed to explore the 
relationship between SES and a full range of GI infections, including those defined 
syndromically, to assess the magnitude and direction of the association, and explore 
some of the possible explanations for any observed differences across studies.  
Specifically, this study explores whether different socioeconomic groups experience 
different risk of GI infection, through a systematic review and meta-analysis of the 
literature, with the aims to improve understanding of the role of SES in risk of GI 
infection; to generate hypotheses for testing both within and out-with this thesis; and 
inform policies to reduce health inequalities. It provides the first comprehensive 
assessment of the association between SES and risk of GI infection for a range of GI 
infections including those defined syndromically, stratified by age, in high income 
countries.  In this chapter I will present the results from this systematic review and 
meta-analysis, including details of sensitivity and robustness analyses, as well as the 
implications of the findings for future work, and the public health implications of this 
improved understanding of the relationship between SES and GI infection.  




4.2 Methods  
The methods adopted in this study are reported in detail in Chapter 3. An overview is 
provided below.  
Protocol and registration 
The systematic review was registered in the PROSPERO International prospective 
register of systematic reviews (PROSPERO 2015:CRD42015027231 (Adams et al., 
2015); Appendix 2.1). The published protocol for this systematic review can be 
found in Appendix 2.2 (Rose et al., 2016).  
Eligibility criteria 
Full details of the inclusion and exclusion criteria were reported in Chapter 3, Table 
3.6. Studies reporting on the incidence or prevalence of any symptomatic GI 
infection were included. Studies using syndromic definitions of GI infections without 
a laboratory diagnosis were also included under the hypothesis that various 
socioeconomic factors might influence whether an individual is diagnosed with a GI 
infection. Studies from high income countries, as defined by membership of the 
Organisation for Economic Co-operation and Development (OECD), conducted after 
1980 and published up to and including the search date (13th October 2015) were 
included. The focus only on high income countries was to ensure that selected 
studies were as comparable as possible to the UK population and to present day 
socioeconomic conditions.  Studies that referred to the same sample of individuals 
were included if they analysed different exposures or outcomes. Where more than 
one study analysed the same sample of individuals using the same outcomes and 
exposures, only one study was included, namely the  study with the greatest focus 
and amount of information on the relationship between SES and GI infections. 
Information sources and search strategies 
Firstly, electronic searching of MEDLINE (Ovid), Scopus and Web of Science Core 
Collection was performed. Search terms were piloted prior to selection and 
comprised specific GI infections and symptom-based terms, socioeconomic and 
inequality terms and high income countries of interest. These search terms are 
detailed for each of the three databases in Appendix 2.3.  




Secondly, the reference lists of studies selected for inclusion in the review were 
screened to identify relevant articles that were not captured via electronic searching. 
The grey literature was searched using the Google internet search engine and Google 
Scholar search application. The first 100 results from each search were screened for 
inclusion. References of these results which were selected for inclusion were also 
reviewed. Finally, experts in the field of GI infections were consulted to identify any 
extra studies which also met the date parameters. Search results were exported to 
Endnote X8. 
Study selection 
Titles and abstracts of all the publications were screened independently by two 
reviewers to ensure consistency in the application of inclusion and exclusion criteria. 
Discrepancies were discussed and resolved through consensus between the two 
reviewers. The full text for studies deemed relevant after title and abstract screening, 
were sought and screened in the same way. Inter-library loans and direct contact with 
authors were used where full texts for studies were not available.  
Studies which reported quantitative results or reported results in-text but without 
results tables or data were selected for inclusion in the synthesis using Harvest Plots. 
For studies where quantitative data were reported in text form only, authors were 
contacted to obtain the relevant data. Studies included in the systematic review are 
detailed in Appendix 2.4. Where it was not possible to obtain quantitative results, 
either from the full-text or through contact with authors, these studies were excluded 
from the meta-analyses (Appendix 2.4). Studies which did not meet the inclusion 
criteria following full text review are detailed in Appendix 2.5 with the rationale for 
exclusion. 
Data collection process and data items 
Data were extracted into a standardised Excel spreadsheet one reviewer and were 
checked independently by the second reviewer. The data extraction form was piloted 
prior to use in May 2015. Data items extracted included: aim/hypothesis; study 
design; level of analysis; country; sample size; age; measurement of GI infection; 
measurement of SES; covariates and results (Appendix 2.6). 




Where results were reported in-text but without quantitative results, or where 
clarifications on data items were required, study authors were contacted and asked to 
provide further details. 
Where studies did not present quantitative results and it was not possible to obtain 
further details from authors, these results were recorded as non-significant findings 
but retained for inclusion in the harvest plots. Adjusted results were recorded where 
provided, in addition to unadjusted results. Results from univariate and multivariate 
analyses were recorded and noted. Where more than one study design was reported 
to have been used within a study, the design which yielded the results was recorded. 
Where multiple SES and GI measures were used within a single study, all were 
recorded.  
Risk of bias in individual studies 
Risk of bias and a quality assessment of each included study were conducted by two 
reviewers independently, outcomes were compared and, in case of discrepancies, 
agreement was reached through discussion. The Liverpool University Quality 
Assessment Tool (LQAT) was the adopted instrument. Studies were classified as 
low, medium or high quality depending on the star rating achieved. The quality 
rating was reflected in the data synthesis through the height of bars in the harvest plot 
and through sensitivity meta-analysis.  
Summary measures extracted from studies 
The direction of the association between SES and GI infection was summarised in 
the harvest plots. The principal summary measures extracted from the studies were 
odds ratios, relative risks, hazard ratios and rate ratios which were combined as risk 
ratios in meta-analyses and meta-regression. 
Synthesis of results 
Both harvest plots and meta-analysis were used to synthesise the data. Harvest plots 
were used to demonstrate the association between risk of GI infection and SES, by 
displaying and summarising the results of the included studies and the subgrouping 
graphically (Ogilvie et al., 2008). Factors identified as potentially important in the 
literature review (Chapter 2) were used to guide the subgroup analysis; this included 
age, predominant mode of transmission, measure of SES used and GI ascertainment 




method. An inclusive strategy was used for the harvest plots, allowing all included 
studies to be captured graphically, irrespective of whether quantitative data were 
provided. Each reported association between SES and GI infection was represented 
by a single bar. The process for assigning quality is described in detail in Chapter 3. 
The height of each bar was used to indicate low, medium or high quality studies to 
visually determine the strength of evidence, and greater weight given to conclusions 
drawn from the most methodologically robust and reliable studies. The findings from 
the harvest plots were used to inform the methods used in the meta-analysis and to 
identify potential explanations for the contrasting findings observed in the literature. 
Meta-analyses were conducted in R (version 3.3.1) using an inverse variance 
random-effects model on combined results. Where necessary, standard methods were 
used to calculate the risk ratios and confidence intervals (Higgins and Green, 2011). 
Where studies analysed the same cases, or provided numerous estimates for the 
relationship between SES and GI infection, only one estimate was retained in the 
meta-analysis to avoid the double counting of cases Eleven studies provided more 
than one estimate but the cases used for each estimate were considered independent 
of each other, so all estimates were included in the meta-analysis. Fixed-effect meta-
analyses were used to combine estimates from the same study, allowing these pooled 
estimates to be combined with the remaining studies then using random-effects meta-
analysis (Higgins and Green, 2011).  
Statistical heterogeneity was assessed by applying the I2 statistic with values of 30 to 
60%, 50 to 90% and 75 to 100% used to denote moderate, substantial and 
considerable levels of heterogeneity, respectively (Higgins and Green, 2011).  
Sensitivity analyses 
A funnel plot was used to assess publication bias. Random-effects meta-regression 
(Berkey et al., 1995, Thompson and Sharp, 1999)  and subgroup meta-analyses were 
conducted to investigate potential moderating factors of the relationship between 
SES and GI infections, guided by the harvest plot findings. Subgroup analyses were 
performed on study design factors and potential moderating factors of the 
relationship identified a priori (Rose et al., 2016).  




Using forest plots, sensitivity analyses on the basis of study design, measure, 
adjustment, quality and whether the results used were provided by the study or were 
calculated from the data provided in the studies were conducted to explore the 
robustness of the meta-analysis.  
4.3 Results  
Study selection 
Following duplicate removal, the database search identified 6021 citations, and 344 
were full-text screened. Of these, 102 were regarded as eligible for inclusion in the 
review and 77 were eligible for inclusion in the meta-analysis (Figure 4.1).  




Figure 4.1: PRISMA flow diagram of studies included in the systematic review and 
meta-analysis 
Source: Adapted from Moher et al. (2009)
 





Table 4.1 shows the summary characteristics of the included studies. The majority of 
included studies were conducted in Europe, had ecological study designs, used 
laboratory records to identify GI infection cases, and did not stratify by age. 
Education level was identified as the most commonly used measure of SES across 
the studies but many studies used more than one measure. Full details of the included 
studies can be found in Appendix 2.4. 
  




Table 4.1: Summary characteristics of included studies 
Study characteristics Studies (n) 
Total 102 
Year of publication 
Before 2000 17 
2000-2005 15 
2006-2010 38 
After 2010 32 
















Children (<18 years old) 27 
Adults 8 
All ages combined 61 
Not stated 6 
Gastrointestinal infection outcome 










Shiga toxin-producing E. coli infection 4 
Yersinia enterocolitica  1 
Multiple pathogens 10 
Gastrointestinal infection measure 
Population-based survey 30 
General practice (GP) presentation 5 
Hospital admission 13 
Laboratory records 52 
Multiple measures 2 
  




Study characteristics Studies* (number) 






Social class 10 














Risk of bias within studies 
The majority of the included studies were graded as low quality (n=56). Of these 
there were four cross-sectional, 35 ecological, eight cohort and nine case-control 
studies. Twenty-seven studies were graded as being of medium quality, including 
seven cross-sectional, four ecological, four cohort and 12 case-control studies. 
Finally, 19 studies were graded as high quality, seven cross-sectional, four 
ecological, four cohort and four case-control studies. Details of the study quality 
rating for each of the included studies can be found in Appendix 2.4. 
Synthesis of results 
Of the 102 studies included, there were 103 point estimates for the association 
between SES and GI infection risk for adults or children specifically, and these point 
estimates were represented graphically as bars in the harvest plots. In the harvest 
plots, each bar represents one study. The height of the bar represents the quality of 
the study. Studies are classed into those showing lower risk in disadvantaged 
individuals/areas, no association or higher risk in disadvantaged individuals/areas. 
Figure 4.2 shows the harvest plot for GI infection by SES measure, stratified by age 
and method of identifying GI infection cases. The harvest plot (Figure 4.2) illustrates 
that the relationship between SES and GI infection varied with age.  
  




Figure 4.2: Harvest plot for risk of GI infection by SES, stratified by age, GI 
infection measure and SES measure 
 
The results for children by method of GI data collection are presented in the upper 
half of Figure 4.2. There was a clear social patterning for children in the reviewed 
studies, showing higher risk of GI infection in disadvantaged children or no 
association between GI infection and SES; although most studies were of low 
quality. With the exception of a small number of laboratory record studies, none of 
the studies found a lower risk of GI infection in disadvantaged children. There were 
also gaps in the literature using GP presentation to explore the relationship between 
GI infection and SES. 
The results for adults by method of GI data collection are presented in the lower half 
of Figure 4.2. The pattern for adults was different to that for children, most studies 
weighted towards lower risk of GI infection in disadvantaged adults or no 
association. There were far fewer studies exploring the association between GI 




infection and SES in adults, notable gaps in studies exploring the association using 
hospitalisation or GP presentation data and only low quality studies using 
hospitalisation data.  
Figure 4.3: Harvest plot for risk of GI infection by SES, stratified by age, 
transmission route and SES measure  
 
The harvest plot stratified by age, pathogen transmission route and SES measure is 
presented in Figure 4.3.  There were fewer studies which could be included in this 
harvest plot. For children (upper half of Figure 4.3), as for the previous harvest plot, 
the results were socially patterned towards higher risk of foodborne (Campylobacter, 
Salmonella, Yersinia enterocolitica) and person-to-person (viral GI infections, 
Shigella) GI infection in disadvantaged children and no association for waterborne 
infections (Giardia, Cryptosporidium). Only three studies explored the relationship 
between predominantly environmental GI infections (STEC) and SES and none was 
of high quality.  




For adults (lower half of Figure 4.3), there were also notable gaps in studies 
exploring the relationship in environmental or waterborne GI infections. There was a 
clear pattern with studies reporting lower risk in more disadvantaged adults or no 
association for studies exploring the relationship between predominantly foodborne 
GI infections and SES, and these studies were generally of medium quality.   
No clear difference was observed in the relationship between SES and GI infection 
when comparing point estimates based on area and individual SES measures, or 
when comparing point estimates from different countries (based on level of 
development or climate) (data not shown). 
Meta-analysis results 
Of the 102 studies included in this systematic review, 77 studies were included in the 
meta-analysis. These 77 studies contributed 83 effect estimates. Summary data 
including effect estimates and confidence intervals for these studies can be found in 
Appendix 2.8. Of the 25 studies that could not be included in a meta-analysis, 15 did 
not provide sufficient quantitative data, six did not use a dichotomous outcome and 
four analysed the same cases as other studies (Appendix 2.4). Since age was 
highlighted as a potentially important effect modifier in the harvest plots, estimates 
from the same study stratified by age were retained individually in the meta-analysis 
to allow for the investigation of this variable. 
Three main outliers were identified in the forest plot (Figure 4.4; Özkan et al. (2007), 
Jackson et al. (2015), Fullerton et al. (2007)). Two of these studies (Fullerton et al., 
2007, Jackson et al., 2015) were conducted in the United States using laboratory 
records, and Özkan et al. (2007) was conducted in Turkey.  
The pooled risk ratio for GI infection comparing low verses high SES for all studies 
combined was 1.06 (95% CI 0.95–1.19), with considerable statistical heterogeneity 
(I2 99.08%).  A forest plot for the studies stratified by age is shown in Figure 4.4.  
For children, the pooled risk ratio was 1.51 (95% CI 1.26–1.83) with I2 97.87%. For 
adults, the pooled risk ratio was 0.79 (95% CI 0.58–1.06) with I2 98.64%.  
Stratifying by GI ascertainment method, to investigate whether stratifying by one 
likely source of variability produced subsets with lower heterogeneity, did find 
slightly lower levels of heterogeneity for cases identified in population surveys and 




GP presentation studies although there was considerable statistical heterogeneity 
remaining for all four GI ascertainment methods - population survey: I2 91.97%; GP 
presentation: I2  82.93%; laboratory records: I2 99.45% ; hospital admission: I2 
98.03%).  
  




Figure 4.4: Forest plot for all studies by age, GI ascertainment method and study 
design (n=83 effect estimates; 77 studies) 
 




Risk of bias across studies 
A contour-enhanced funnel plot (Peters et al., 2008, Sterne and Egger, 2001, The 
Metafor Package: a meta-analysis package for R, 2004) was produced to assess 
publication bias (Figure 4.5). Points within the plot appeared largely symmetrical, 
indicating that publication bias was unlikely.  
Figure 4.5: Contour enhanced funnel plot  
 
White = P-value > 0.10 
Mid-grey = P-value between 0.10 and 0.05 
Dark-grey = P-value between 0.05 and 0.01 
Region outside of funnel = P-value < 0.01 
  




Potential effect modifiers and sources of heterogeneity were further explored in a 
multivariable random-effects meta-regression in an attempt to quantitatively explain 
some of the observed heterogeneity. In univariate meta-regression the risk of GI 
infection for low compared to high SES was on average significantly higher among 
studies that analysed hospitalised cases, and non-significantly higher among studies 
that analysed cases identified via population-based surveys and general practices, 
compared to studies that analysed laboratory recorded cases (Table 4.2).  
Amongst studies using laboratory records, the risk of GI infection for low compared 
to high SES was significantly lower among studies that analysed environmental 
pathogens, and significantly higher among studies that analysed person-to-person 
pathogens, compared to studies that analysed foodborne pathogens. There was no 
statistically significant difference in risk of GI infection by SES between studies 
conducted in countries with different climates and levels of development. 
Additionally, the risk of GI infection for low versus high SES was non-significantly 
lower among studies that used area-level compared to individual- level SES 
measures.  
In multivariate meta-regression (excluding pathogen type since not all studies 
analysed specific pathogens), age was identified as the only statistically significant 
potential effect modifier. The risk ratios for GI infection between low and high SES 
groups observed by studies that analysed children were on average 1.87 times higher 
than the risk ratios observed by studies that focused on adults, after controlling for 
other study differences included in the model (Table 4.2).  
 
  




Table 4.2: Univariate and multivariate random-effects meta-regression for GI 
infection 
Variable Category n Univariate Multivariable 
   RR (95% CI) RR (95% CI) 
GI ascertainment 
method 
Laboratory records  43 1.00 (reference) 1.00 (reference) 
Population-based survey 23 1.11 (0.85–1.44) 1.04 (0.75–1.43) 
GP presentation 5 1.18 (0.71–1.94) 1.02 (0.62–1.69) 
Hospital admissions 12 1.49 (1.08–2.07)* 1.24 (0.81–1.73) 
SES Individual level 50 1.00 (reference) 1.00 (reference) 
Area level 33 0.87 (0.69–1.09) 0.92 (0.70–1.22) 
Age Adult 15 1.00 (reference) 1.00 (reference) 
All ages
 
41 1.17 (0.88–1.54) 1.22 (0.90–1.66) 
Child
 




  Upper tertile 39 1.00 (reference) 1.00 (reference) 
 Middle tertile 30 0.98 (0.76–1.25) 1.09 (0.84–1.41) 
 Lower tertile 14 1.04 (0.73–1.49) 0.88 (0.62–1.25) 
Country climate Temperate/Mediterranean 62 1.00 (reference) 1.00 (reference) 
Arid 7 1.05 (0.69–1.61) 1.01 (0.67–1.52) 
Snow 14 0.81 (0.60–1.10) 0.89 (0.67–1.19) 
Pathogen type
‡
 Foodborne 28 1.00 (reference) - 
Waterborne 8 0.73 (0.46–1.14) - 
Environmental 3 0.46 (0.23–0.91)* - 
Person to person 7 1.65 (1.05–2.59)* - 
CI - confidence interval; GI - gastrointestinal; RR - ratio of risk ratios; SES - socioeconomic status 
† 
Higher values indicate higher level of human development 
‡ 
Not all studies analysed specific pathogens and therefore this variable was not included in the 
multivariate model 
*
P-value < 0.05; 
***
P-value < 0.001  
 
Sensitivity analyses 
Sensitivity analyses of stratified forest plots restricted to high and medium quality 
studies only; adjusted estimates only; studies which did not control for or match on 
SES only; and studies which provided results rather than raw data through which 
estimates were calculated are summarised in Table 4.3. These analyses did not differ 
from the findings of the main forest plot.  
 



























































































































































































































































































































































































4.4 Discussion  
This systematic review and meta-analysis of observational studies from high income 
countries provides evidence of an association between lower SES and a higher risk of 
GI infections for children, but not for adults. Overall, age explained a small 
proportion of the heterogeneity observed across the studies as a whole. 
No previous studies conducting a meta-analysis on this topic have been identified 
through an accurate search of the literature and therefore, to the best of my 
knowledge, this study represents the first meta-analysis on the topic. A broad range 
of study designs and data sources were included in this systematic review, as well as 
a wide range of definitions of GI infections. One of the main strengths of the harvest 
plot is the ability to include all studies, not  exclusively studies with a quantitative 
measure (Ogilvie et al., 2008). This allowed a more comprehensive exploration of 
heterogeneity and provided important insights to inform the subsequent meta-
analysis. The harvest plots showed a clear pattern towards higher risk in more 
disadvantaged children or no association although the association was less clear for 
adults and notable gaps in studies exploring GP presentation in children and 
hospitalisation in adults were observed. Selection bias was mitigated by double 
screening throughout.  
The inclusion of syndromic definitions of GI infections in the absence of laboratory 
confirmation was a particular strength of this analysis as the decision to seek 
healthcare may in fact be related to SES and attempting to increase our 
understanding of the role of SES in GI infection is a key aim of this thesis.  As such, 
it was possible to identify and include literature on the burden of GI symptoms by 
SES and capture population groups who may not usually seek healthcare for their 
illness and that, consequently, may not be included in studies relying on laboratory 
data to identify cases.  
The potential for publication bias was explored, and this was not evident in the 
funnel plot. Subgroup analyses were defined a priori (Rose et al., 2016) which 
minimised the potential bias which can be introduced through performing multiple 
analyses of the data. Furthermore, these results reflect trends in inequalities of GI 
infections across numerous high income countries and should therefore be 
generalisable. 




To explore sources of heterogeneity, stratified meta-analyses and meta-regression 
were performed on the basis of factors mentioned in the literature. Despite this, a 
large amount of heterogeneity remained unexplained. As seen in the forest plot 
(Figure 4.4), effect estimates were similar across studies although there were some 
outliers with wide confidence intervals combined with studies with narrow 
confidence intervals, which may provide some explanation for the extreme statistical 
heterogeneity observed. It is possible that factors that could not be adjusted for may 
explain the high residual heterogeneity. The studies covered a broad range of 
healthcare and social systems such as countries without a national health service or 
countries in transition between low/middle and high income. As such, different 
countries, such as the USA, Sweden and Turkey are likely to have different 
incidences and proportions of various GI pathogens, as well as wide differences in 
absolute and relative poverty. No differences were identified when comparing 
estimates from different countries (based on level of development or climate). 
SES was measured in numerous ways, and categorisation of low and high SES may 
have differed considerably between studies. Where studies reported estimates for 
multiple SES measures, education was chosen. This may have introduced bias if 
different SES measures reveal different social patterning of risk of GI infection in 
adults. This study did not aim to explore the differential effects of different measures 
of SES on GI infection, but rather focused on the overall impact of SES on GI 
infections, and in fact SES measures are likely to be highly correlated.  
The primary aims of the separate studies varied, as did the variables used to 
statistically adjust the associations between SES and GI infection. Further, non-
English language studies were excluded due to time limitations and costs of 
translating studies, and countries that have been in transition between low/middle 
and high income (such as Turkey) were included, both of which could potentially 
limit the interpretation of the results. Lastly, the large amount of heterogeneity may 
have negatively affected the power to detect statistically significant modifiers in the 
meta-regression (Table 4.2), and therefore non-significance should not necessarily be 
interpreted as evidence that a potential modifier had no effect on the relationship 
between SES and risk of GI infection (Hempel et al., 2013). 




There was a large number of ecological studies and studies assessed as generally low 
quality with potential for bias due to study design; such as case-control studies, 
several of which selected controls based on the geographical residence of cases or 
through case-nomination, thereby potentially biasing the relationship between SES 
and GI infections towards the null. The results were similar when sensitivity analyses 
were conducted excluding studies which controlled for or matched by SES.  
Despite the remaining heterogeneity, this study suggests that the relationship 
between SES and GI illness varies with stage in the life course, with disadvantaged 
children at greater risk of GI infection compared to more advantaged children. This 
is the first systematic review and meta-analysis conducted in-depth on this topic. 
Newman et al. (2015) undertook a systematic review of the association between SES 
and foodborne illness, a subset of GI infections; but they did not look at differences 
across the life course or different levels of healthcare reporting such as 
hospitalisation. Our results corroborate those of Newman et al. (2015) for foodborne 
and laboratory confirmed pathogen-specific results, in that there were no consistent 
trends across all studies or pathogens for a single SES measure. Exploring this more 
broadly by predominant mode of transmission, risk of GI infection was significantly 
higher in lower SES groups for pathogens spread via person-to-person transmission 
and significantly lower in lower SES groups for pathogens spread via environmental 
contamination compared to foodborne transmission. This may indicate differential 
effects of SES by pathogen type (Simonsen et al., 2008). 
It could be speculated that children may be more likely to be taken to seek medical 
help regardless of SES, so the higher risk of GI infection seen in children might 
reflect real differences by SES, rather than bias due to differential healthcare seeking 
behaviour. Our findings may reflect differential exposures or immunity by SES in 
children. A study conducted in the UK found that seropositivity to Helicobacter 
pylori in adults was associated with lower SES and adverse housing conditions in 
childhood (Pearce et al., 2013). Within low income countries, Campylobacter is 
almost exclusively seen in disadvantaged children (Fernández et al., 2008, Kakai et 
al., 1995, Lloyd-Evans et al., 1983, Quetz et al., 2010) while adults are rarely 
infected or identified (Coker et al., 2002), potentially due to differential healthcare 
interaction or exposure risk due to poor sanitation. This pattern is also seen for other 
bacteria and intestinal parasites, such as Shigella and Giardia (Nematian et al., 2004, 




O'Ryan et al., 2005). As such, it may be that disadvantaged children are more 
exposed to these GI infections in childhood and that re-exposure may lead to 
improved immunity and subsequent asymptomatic infection later in life.  
It is important to note that many of the studies analysing hospital admission cases 
also analysed child cases only, therefore it is challenging to separate out the potential 
modifying effects of these variables. Future research investigating the relationship 
between SES and GI infection should provide results stratified by adult and child age 
groups wherever possible.  
To conclude, in high income countries disadvantaged children, but not adults, are at 
greater risk of GI infection compared to their more advantaged counterparts. 
Strategies to improve childhood socioeconomic conditions have potential to reduce 
the burden of GI illness. Gaining greater insight into this relationship will help to 
inform policies to reduce the health inequalities identified. 
4.5 Interpretation  
In this chapter I have provided novel evidence to suggest that there is differential risk 
of GI infection by SES for children in high income countries, with higher risk of GI 
infections amongst disadvantaged children, but that this inequality is not as strong for 
adults. Furthermore, the results of this study have also highlighted the necessity to 
provide an update of the role of SES in GI infection risk in the UK, with the majority 
of UK-based studies included in this review published prior to 2010, with many 
using data collected in the 1990s.  
Studies combining all ages may mask differential risk in children. Subsequent studies 
in this thesis will stratify by age, and inequalities in risk of GI infection across the 
life course will be explored throughout the remainder of this thesis.  
The findings of this chapter could suggest differential symptom recognition or 
healthcare interaction across individuals of different SES, although this is likely to be 
minimised for children as they may be more likely to be taken to seek care regardless 
of their SES. This hypothesis will be tested further in Studies 2, 3 and 4 (Chapters 5-
7 respectively) through the analysis of a longitudinal community cohort assessing 
risk of IID, calls to telephone-based health advice services and through the analysis 
of social patterning of risk factors and exposures for a severe GI infection.  




Additionally, the findings of this chapter may reflect differential severity (Baker et 
al., 2012, Olowokure et al., 1999, Phillips et al., 2011, Pockett et al., 2011, Rose et 
al., 2017); many of the studies using hospital admission as the GI ascertainment 
method explored the relationship between GI infection and SES in children and 
therefore may have ascertained more severe illness requiring hospitalisation. 
Children who are more disadvantaged may have a genuinely higher risk of GI 
infections. This may be related to social patterning of risk factors and exposures, 
which could influence vulnerability to GI infections in childhood, a hypothesis that 
will be further tested in Study 4 (Chapter 7). This may also explain the lack of a 
significant differential risk in adults; any increased exposure in disadvantaged adults 
















Chapter 5 – Study 2 (Objective 2) 
Socioeconomic status and infectious intestinal disease in 















Infectious intestinal diseases (IID) are common, affecting around 25% of people in 
the UK each year at an estimated annual cost to the economy, individuals and the 
NHS of £1.5 billion. Whilst there is evidence of higher IID hospital admissions in 
more disadvantaged groups, the association between socioeconomic status (SES) and 
risk of IID infection remains unclear. This study aims to investigate the relationship 
between SES and IID in a large community cohort. 
Methods 
Longitudinal analysis of a prospective community cohort in the UK following 6,836 
participants of all ages in 2008-2009 was undertaken. Hazard ratios for IID by SES 
were estimated using Cox proportional hazard, adjusting for follow-up time and 
potential confounding factors.  
Results 
In the fully adjusted analysis, hazard rate of IID was significantly lower amongst 
routine/manual occupations compared to managerial/professional occupations (HR 
0.75, 95% CI 0.61-0.91).  
Conclusion 
In this large community cohort, lower SES was associated with lower IID risk. This 
could be explained by the low response rate which varied by SES, with 
disadvantaged individuals being underrepresented and which may underestimate 
their risk. It may be related to differences in exposure or in recognition of IID 
symptoms by SES. Higher hospital admissions associated with lower SES observed 
in some studies could relate to more severe consequences, rather than increased 
infection risk. 
  




5.1 Introduction  
This study was designed to address gaps in the literature identified in the literature 
review (Chapter 2) and Study 1. The objectives of the research within this thesis are 
detailed in Chapter 1. This chapter seeks to meet Objective 2: To investigate the 
extent and nature of socioeconomic inequalities in risk of GI infections in the 
community in the UK, with estimates derived from the most up-to-date population-
based household survey. 
Gastrointestinal (GI) infections are common, leading to diarrhoea, vomiting and, 
occasionally, more serious complications such as renal failure. Previous estimates 
suggest around 25% of people in the UK suffer an episode of infectious intestinal 
disease (IID) per year (Tam et al., 2011a) and that foodborne illness, a subset of IID, 
in England and Wales costs individuals, the economy and NHS around £1.5 billion 
annually (Tam et al., 2011a).  Many infections are socially patterned, but the role of 
socioeconomic status (SES) in risk of GI infection in high income countries, such as 
the UK, is not well understood (Newman et al., 2015).   
Socioeconomic inequalities in GI infections could result from differences in risk of, 
or vulnerability to, infection between socioeconomic groups or from differences in 
the consequences of infection, with some groups potentially having more severe 
infection, requiring more healthcare, and experiencing greater disruption in daily 
activities (Diderichsen et al., 2001). A large proportion of the burden of GI infection 
remains hidden; it is estimated that there are 147 cases in the community for every 
one case that is reported to national surveillance (Tam et al., 2011a); many 
individuals do not present to healthcare as most infections are self-limiting. 
Additionally, it is unclear whether socioeconomic patterns reported in hospital and 
laboratory-based surveillance reflect differences in risk of infection or in reporting 
and healthcare interaction on the basis of SES more generally (Dunlop et al., 2000).  
Longitudinal population-based survey data can provide a better estimate of 
differences in risk of infection that may not be captured through routine surveillance.  
This study aims to explore whether different socioeconomic groups experience 
different risk of GI infection in the UK, through the analysis of a large prospective 
population cohort, to improve understanding of the role of SES in IID in the 
community and to inform policies to reduce health inequalities. This study provides 




an up-to-date assessment of the association between IID and SES for all ages in the 
UK. In this chapter I will present the results from the published analysis of this 
community cohort (Adams et al., 2016a, Adams et al., 2017), including details of 
sensitivity and robustness analyses and the implications of the findings for future 
work and the impact on our understanding for public health.  
5.2 Methods  
The methods adopted in this study are reported in detail in Chapter 3. A brief 
overview is provided below.  
Design, setting and data source 
A longitudinal analysis of a large prospective community cohort in the UK was 
conducted using data collected through the IID2 Study (Tam et al., 2011a). Greater 
detail on the IID2 Study is provided in Chapters 2 and 3. A cohort of 6,836 
randomly-selected participants was recruited from 88 representative general practices 
in the UK. Sociodemographic information including age, gender and occupation 
were obtained through a baseline survey upon entry to the cohort and details of IID 
symptoms were recorded on a weekly basis for up to one year, from October 2007 to 
August 2009, through the return of an email or postcard indicating whether 
symptoms of diarrhoea and/or vomiting had been experienced in the previous week. 
Individuals who reported symptoms completed a more in-depth questionnaire 
through which details of illness and healthcare contact were recorded.  
Participants 
The 6,836 participants contributed 4,658 person-years of follow-up; median follow-
up duration was 39 weeks (Tam et al., 2011a). Overall participation rate was low, 
only 9% of those initially invited to take part, and individuals who declined to 
participate were younger, more disadvantaged, living in urban rather than rural areas 
and employed in lower supervisory and technical occupations (Tam et al., 2011a).  
Average follow-up time was similar for those who experienced an episode of IID and 
those who did not. Managerial/professional occupations were over-represented in the 
study, while intermediate, and semi-routine and routine occupations were under-
represented, in comparison to the UK population. Those of White ethnicity were 
slightly over-represented (Tam et al., 2011a). These differences may limit the 




generalisability of the results, but, amongst participants, no differences in follow-up 
were identified by sex, socioeconomic status or rural-urban classification and the 
internal associations are likely to be valid.  
Outcome and covariates 
The primary outcome, infectious intestinal disease, was defined as loose stools or 
clinically significant vomiting (vomiting occurring more than once in 24-hours and if 
it incapacitated the case or was accompanied by other symptoms such as cramps or 
fever (Tam et al., 2011a)) lasting less than two weeks, in the absence of a known 
non-infectious cause, preceded by a symptom-free period of three weeks (Tam et al., 
2011a). Cases experiencing illness considered to be travel-related were excluded. 
The primary exposure of interest was an individual- level measure of SES, self-
reported occupation, with each individual assigned a National-Statistics 
Socioeconomic Classification (NS-SEC) using the five-class self-coded version 
(Office for National Statistics).   For participants aged less than 16 years, NS-SEC 
was assigned based on the occupation of the head of the household. For the purposes 
of this study, the NS-SEC variable was recoded into the three-class version to 
provide a hierarchy of socioeconomic status, with routine and manual occupations 
assumed equivalent to low SES and managerial/professional  occupations to high 
SES (Office for National Statistics).  
Analysis strategy 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). Rates of IID within the 
study population and by SES were calculated accounting for follow-up time, to 
produce rates of IID per 1,000 person-years with associated 95% confidence 
intervals. The main analysis investigated the relationship between SES, as measured 
by NS-SEC, and time to first IID episode for each participant using Cox proportional 
hazard regression modelling, with subsequent episodes of IID for an individual being 
dropped. Univariate relationships were explored between SES and the covariates of 
interest (rurality and employment status (employed/not working)) before fitting a 
multivariable Cox proportional hazard regression model, adjusting for the potentially 
confounding covariates and stratifying the baseline hazard on age and sex. 
Proportionality was tested using a log-log plot and Kaplan-Meier survival curves 
were estimated to check the proportional hazards assumption. Interaction terms 




between the socioeconomic variable NS-SEC and each variable in turn were tested 
for inclusion to investigate whether the strength of any relationship was moderated 
by the inclusion of another variable.  
A number of robustness tests were conducted. Firstly, allowing individuals with 
multiple episodes of IID to re-enter the cohort following a period of censoring (due 
to symptoms meeting the case definition and requiring a censored period of three 
weeks after cessation of symptoms; non-response; or symptoms not meeting the case 
definition), accounting for clustering within individuals by using a robust estimate of 
variance allowing for inter-person correlation. Secondly, the analysis was repeated 
using a less sensitive case definition, whereby individuals reporting symptoms which 
could not be verified against the case definition (due to a lack of further details about 
foreign travel or symptom duration) were also included as cases in the analysis.  
To assess the role of the not-classifiable NS-SEC groups, the analysis was repeated 
including those unclassifiable within NS-SEC to investigate whether this had an 
impact on the results. This NS-SEC group comprised individuals for whom it was 
not possible to classify their occupation or who did not respond to occupation 
questions. As there were missing NS-SEC data for a group of participants for whom 
it was not possible to classify their occupation or who did not respond to the 
occupation question, Multiple Imputation using chained equations (MICE) (UCLA 
Institute for Digital Research and Education, 2017a) was also used in order to 
include these cases.  Finally, the analysis was repeated using an area-level measure 
of SES, the Index of Multiple Deprivation (IMD) (Department for Communities and 
Local Government, 2011), assigned to each individual based on their postcode. 
Stratification by age groups were also conducted as sensitivity analyses to determine 
whether there were differences in the rate of IID by SES for children, adults and 
older participants.  
5.3 Results  
Characteristics of participants 
A total of 6,836 participants were included in the study. NS-SEC was not classifiable 
for 1,112 individuals (16.3%), employment status was missing for five individuals 




and rural-urban classification was missing for three individuals. After excluding 
records with missing data, 5,716 individuals were included in the main analysis.  
Of the 6,836 participants in the cohort, 998 individuals reported an episode of IID 
during 4583.5 person-years of follow-up. Fifty-two percent (n=3,557) were from 
managerial/professional occupations, 15% (n=1,002) were from intermediate 
occupations and 17% (n=1,165) were from routine/manual occupations, compared to 
31%, 22% and 33% respectively in the general population (Appendix 3.6) (Office for 
National Statistics [dataset], 2011). Socioeconomic status was associated with IID, 
age group, sex, rurality, employment status and the method of follow-up that 
participants elected to use (email or postcard) (Table 5.1). Mean follow-up time was 
similar between NS-SEC groups.  






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































As shown in Tables 5.2 and 5.3, incidence was significantly lower among 
routine/manual occupations compared to managerial/professional occupations (166 
per 1,000 person-years, 95% CI 140-197 per 1,000 person-years compared to 235 per 
1,000 person-years, 95% CI 217-256 per 1,000 person-years); IRR 0.71, 95% CI 
0.58-0.86).  
 
Table 5.2: Rates of IID by NS-SEC and explanatory variables 
  Cases PY
¥
 Rate* (95% CI) 
NS-SEC Managerial/professional 555 2357.9 235.4 (216.6-255.8) 
 Intermediate 161 660.0 243.9 (209.0-284.7) 
 Routine/manual 130  781.9 166.3 (140.0-197.4) 
 Not classifiable 152 783.6 194.0 (165.5-227.4) 
Age Group <18 237 678.7 349.2 (307.5-396.6) 
 18-64 537 2534.6 211.9 (194.7-230.6) 
 65+ 224 1370.2 163.5 (143.4-186.4) 
Sex Female 654 2759.4 237.0 (219.5-255.9) 
 Male 344 1824.0 188.6 (169.7-209.6) 
Ethnicity White 979 4474.8 218.8 (205.5-232.9) 
 Non-White 19 108.7 174.8 (111.5-274.0) 
Rurality Urban 688 3310.7 207.8 (192.8-223.9) 
 Rural  310 1271.0 243.9 (218.2-272.6) 
Follow-up Email 663 2781.6 238.4 (220.9-257.2) 
 Postcard 335 1801.9 185.9 (167.0-206.9) 
Employment status Employed 690 2857.8 241.4 (224.1-260.1) 
 Not working 301 1705.6 176.5 (157.6-197.6) 
¥
Person-Years 
*Rate per 1,000 person-years 
NS-SEC: National Statistics- Socioeconomic Classification; CI: confidence interval  
Missing data: Employment status was missing for 30 individuals. Rural-urban classification was missing 
for three individuals. 
 
  




Table 5.3: Incidence rate ratio for exposed (routine/manual occupations) 










166.3 235.4 -69.1 0.71 0.58-0.86 
 
Figure 5.1: Incidence rates per 1,000 person-years by NS-SEC classification 
 
¥Person-Years; NS-SEC: National Statistics- Socioeconomic 
 
Proportionality was tested using a log-log plot (Figure 5.2) and Kaplan-Meier plot 
(Figure 5.3) showing time to occurrence of first episode of IID by NS-SEC. The 
parallel curves indicated that differences are approximately constant and therefore 
the assumption of proportionality was upheld. Tests of the proportional hazards 
assumption of each predictor as well as a global test were performed. Neither the 




























Figure 5.2: Log-log plot of time to occurrence of first episode of IID by NS-SEC 
 









All potentially confounding variables were retained in the fully adjusted model. 
Ethnicity and follow-up type were excluded as these were not considered to be true 
confounders (Table 5.4). Hazard of IID was significantly lower in routine/manual 
occupations compared to managerial/professional occupations (HR 0.74, 95% CI 
0.61-0.90). No significant interactions were identified. 
 
  


























































































































































































































































































































































































































































































































































































































Multiple sensitivity analyses were conducted to assess the robustness of the findings; 
in particular accounting for multiple spells of follow-up, to explore the potential 
impact of using a less sensitive case definition, excluding individuals with non-
classifiable NS-SEC; using multiple imputation to include these individuals, 
stratifying by age and using an area-level measure of SES (IMD). These analyses in 
the main did not alter the overall conclusions of this research; lower hazard in 
routine/manual occupations compared to managerial/professional occupations was a 
consistent finding across the multiple sensitivity analyses that were conducted to 
assess the robustness of the main results (Tables 5.5-5.8, Appendix 3.5); including 
possible cases (HR 0.76, 95% CI 0.64-0.89); including participants who were not-
classifiable by NS-SEC (HR 0.76, 95% CI 0.65-0.89); using multiple imputation to 
assign NS-SEC categories for those who were not-classifiable (HR 0.78, 95% CI 
0.64-0.94) and using 10-year age groupings (HR 0.73, 95% CI 0.60-0.89) and were 
similar to the hazard presented in the main analysis.   
In the adjusted age-stratified models (Tables 5.9-5.11), the Hazard Ratio for 
routine/manual occupations compared to managerial/professional occupations tended 
to decrease with increasing age (65 and over: 0.60, 95% CI 0.40-0.89 compared to 0-
17 years: 0.89 (95% CI 0.61-1.29) although these differences were non-significant. 
There was a non-significant lower hazard in routine/manual occupations compared to 
professional/managerial occupations for participants aged less than 18 years, using 
head of household occupation as proxy for SES (HR 0.89, 95% CI 0.61-1.29). 
Among participants aged 18-64 years and participants aged 65 and over, those with 
routine/manual occupations had significantly lower rates of IID compared to 
professional/managerial occupations (HR 0.76, 95% CI 0.58-0.99 and HR 0.60, 95% 
CI 0.40-0.89 respectively). Sensitivity analysis including ethnicity in the model can 
be found in Table 5.12 and the inclusion of ethnicity does not alter the results of the 
main analysis. No significant interactions were identified in any of the sensitivity 
analyses.  
Using the area-level IMD as a measure of SES, the most disadvantaged (IMD 
quintile 5) had lower incidence compared to the least disadvantaged (IMD quintile 1) 
(171.9/1,000 person-years, 95% CI 132.6-222.8; 234.1, 95% CI 206.9-264.8) (Table 




5.13, Figure 5.4) in accordance with the main analysis results. No statistically 
significant relationship between hazard of IID and SES was identified in the adjusted 
analysis (Table 5.14). The distribution of SES by IMD differed compared to the 
general population, with those in the most disadvantaged quintile being 
underrepresented (7% versus 20%) and in the least disadvantaged quintile (24% 
versus 20%) compared to the distribution in the general population (Tam et al., 
2011a).  
  




Table 5.5: Sensitivity analysis – all cases (including possible cases) (n 













































































































































































































































































































































































































































































































































































Table 5.6: Sensitivity analysis – Including individuals not classifiable by NS-SEC 













































































































































































































































































































































































































































































































































































































































Table 5.7: Sensitivity analysis – Multiple Imputation of NS-SEC not classifiable 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5.12: Univariate and multivariable Cox regression analysis including 
















































































































































































































































































































































































































































































































































































































































































Table 5.13: Incidence rate ratio for exposed (IMD Quintile 5 – most 










171.9 234.1 -62.2 0.75 0.56-0.99 
 
 
Figure 5.4: Incidence rates per 1,000 person-years by IMD Quintile 
 




























Table 5.14: Sensitivity analysis – Index of Multiple Deprivation (IMD) (n 










































































































































































































































































































































































































































































































































































































































5.4 Discussion  
In this analysis of a large UK sample following a prospective community cohort to 
monitor the development of IID symptoms, the relationship between IID and SES 
using occupation as an individual- level measure of SES was investigated. Lower 
SES was associated with significantly lower risk of IID in adults but no significant 
difference in children. There were no significant age-stratified differences in the 
relationship between IID and SES. 
This is a novel analysis of an existing population-based community cohort assessing 
the association of both individual and area-based measures of SES with IID. Survival 
analysis explored the relationship between IID and SES accounting for censored 
observations and different time to event for participants.  Multiple sensitivity 
analyses were conducted to assess the robustness of the main results. A key strength 
of this study is that it does not require an individual to seek care or have a specimen 
taken in order to be included in the study, thus reducing potential bias if healthcare 
interaction differs by SES.  
There are some limitations to be acknowledged. A major limitation is that 
participation in the cohort study was low; only around 9% of the original number 
recruited and screened for participation, lower than the first IID study (35%) (Tam et 
al., 2011a). Furthermore, the response varied by SES, with lower response among 
lower SES groups. Participation bias within cohort studies, particularly by SES, is a 
recognised limitation. The characteristics of the cohort population differed from the 
UK population, as those who were most disadvantaged were underrepresented 
compared to the UK population, whilst those who were advantaged were 
overrepresented (Office for National Statistics [dataset], 2011), and a large 
proportion of participants (16.3%, n=1,112) could not be classified by NS-SEC. It is 
possible that those who agreed to participate had a different risk of IID compared to 
those who refused, which may limit the generalisability of results. In addition, the 
lack of a significant difference in risk by SES for children could be related to small 
numbers in the stratified groups which means the study may lack power for detecting 
a difference, although the trend was of a lower risk for lower SES participants.  
Despite these limitations, this study represents an important analysis of a large 
prospective community cohort in the UK which suggests differences in risk of IID by 




SES amongst the population within this study. To the best of my knowledge, this is 
the most comprehensive analysis of IID by SES conducted in the UK. This study 
differs from two earlier analyses of the IID2 data. Tam et al. (2013) used data from 
the IID2 Study and found no significant difference in risk of  multiple-spells of IID 
in disadvantaged compared to advantaged individuals, while Tam et al. (2011b) 
found no significant difference in incidence by socioeconomic groups.  The different 
findings between these papers could relate to differences in research questions which 
were answered using different and question-specific methods, as well as differences 
in the outcome; as the outcome for my study was time to event and used survival 
analysis to account for differing follow-up times. 
Despite potential issues with participation bias by SES, cohort studies are generally a 
more robust method of assessing individual- level exposures although few 
population-based cohort studies have been conducted in high income countries to 
investigate differences in IID risk by SES. Studies investigating this relationship 
between age groups are particularly limited.  
In a Dutch cohort study, individuals with a low level of education had significantly 
lower odds of gastroenteritis compared to those with a high level of education (OR 
0.65, 95% CI 0.56-0.75) (de Wit et al., 2001a); comparable with our adjusted 
estimate. Another cohort study (Simonsen et al., 2008), in Denmark, which looked at 
specific bacterial pathogens as opposed to IID, found an increased risk in adults in 
higher SES groups for most pathogens (Campylobacter, Salmonella Enteritidis and 
Shigella) although the pattern was less clear in children, with no association between 
risk and SES for most pathogens; these findings also concur with our results.  
By contrast, a Canadian cohort study (Teschke et al., 2010) found that individuals in 
neighbourhoods with low and medium household incomes had higher rates of IID 
compared to those living in neighbourhoods with high household incomes. In 
contrast to the other cohort studies above, including our study, Teschke et al. (2010) 
used physician visits rather than self-reported symptoms to define IID; when 
hospitalisation was used to define IID, the authors found no significant difference in 
rates by SES. Further, the Teschke et al. (2010) study was designed to assess the 
association between environmental factors and IID incidence rather than SES 
specifically. 




Cohort studies which have focussed on children have found higher risk in more 
disadvantaged groups (Baker et al., 1998, Beale et al., 2010, Eaton-Evans and 
Dugdale, 1987, Ludvigsson, 2006), in contrast with our findings. Two of these 
studies (Baker et al., 1998, Beale et al., 2010) were from the same survey, although 
used different SES measures to investigate the relationship, and specifically sampled 
very young children. Studies assessing SES specifically in children may be better 
powered or designed to investigate this relationship than studies looking at all ages.  
Many studies assessing the relationship between IID and SES in high income 
countries have used study designs other than population-based cohorts, such as cross-
sectional population surveys, which have produced conflicting results. Some support 
our finding that lower SES is associated with lower risk of IID (Fein et al., 1995, 
Herikstad et al., 2002, Majowicz et al., 2007, Pollard et al., 2014, Scallan et al., 2004, 
Van Cauteren et al., 2012). These studies looked at adults specifically or all ages 
combined and used mainly education as a measure of SES, with the exception of one 
study which used occupation (Scallan et al., 2004). Most cross-sectional population 
surveys found no significant association (Adlam et al., 2011, Doorduyn et al., 2012, 
Evans et al., 2006, Hall et al., 2006, Herikstad et al., 2002, Jones et al., 2007, 
Majowicz et al., 2004, Majowicz et al., 2007, McAteer et al., 2011, Sargeant et al., 
2008, Van Cauteren et al., 2012, Wilking et al., 2013), including three studies which 
found significant associations with education but not with income and occupation 
(Herikstad et al., 2002, Majowicz et al., 2007, Van Cauteren et al., 2012), suggesting 
that the association may vary with different measures of SES. The variability in these 
results also suggests that cross-sectional study designs may not provide the most 
robust estimates of the relationship between SES and IID.  
Studies which have used hospitalisation as their outcome have found higher rates 
amongst those of a lower SES (Baker et al., 2012, Olowokure et al., 1999, Pockett et 
al., 2011). While our findings suggest that the risk of IID is lower in more 
disadvantaged population groups, the consequences of having IID or the likelihood 
of medical referral if disadvantaged may actually be greater. 
There are several possible explanations for the finding of lower IID rates amongst 
individuals of lower SES. It may be artefactual and related to low response rate. The 
underrepresentation of disadvantaged individuals and the overrepresentation of 




advantaged individuals, or differential reporting by SES, may have resulted in a 
biased population. Conversely, differences in the recognition or reporting of 
symptoms by SES or by healthcare interaction may partially explain the results. It 
may also represent a real lower risk of IID amongst those who are disadvantaged 
through differences in exposures by SES (such as the consumption of less risky 
foods, reduced opportunity to eat meals outside of the home, reduced exposure to 
animal attractions, such as open farms, and reduced levels of foreign travel amongst 
those of a lower SES) (Pollard et al., 2014, Scallan et al., 2006).   
There is some evidence from this study and others to suggest the existence of a 
relationship between IID and SES, with lower SES associated with lower rates of 
IID. Evidence from the literature suggests that the consequences of IID are more 
severe for more disadvantaged population groups, with higher hospital admission 
rates for those of lower SES (Baker et al., 2012, Olowokure et al., 1999, Pockett et 
al., 2011), and that disadvantaged children may be at higher risk of IID infections 
(Baker et al., 1998, Beale et al., 2010, Eaton-Evans and Dugdale, 1987, Ludvigsson, 
2006). Our results may underestimate the risk in disadvantaged groups and in 
children. Whilst more disadvantaged individuals may be at a lower risk of, or 
vulnerability to, GI infections, the possibility of more severe consequences amongst 
these groups has implications for the clinical management of IID and for healthcare 
utilisation.  
Further research is required to explore the role of symptom recognition, perception, 
healthcare interaction and other potentially mediating exposures to complement these 
results and help to explain the relationship between SES and GI infection. Focussing 
on children may clarify the inconsistent results seen across the literature, as would 
further research on the most appropriate SES measure to use to produce the most 
robust estimates of the association between IID and SES. Finally, a greater 
understanding of the individual behaviours and environmental risk factors by SES is 
crucial to understanding differential risk, vulnerability, and consequences of IID. 
These results contribute to the evidence on community- level risk of and vulnerability 
to GI infections. Alongside the other analyses presented within this thesis and in 
conjunction with future planned qualitative and mixed-methods approaches, this 
could ultimately be used to provide evidence to inform policies to address 
inequalities in risk, vulnerability and consequences of IID. 




5.5 Interpretation  
In this chapter I have demonstrated evidence to suggest that there is differential risk 
of IID symptoms in the community in the UK, with lower risk of IID symptoms 
amongst those in the community who are more disadvantaged. This may appear 
counterintuitive, with much evidence to suggest that other diseases, infectious and 
non-infectious, are associated with higher risk amongst more disadvantaged 
individuals (Biering-Sørensen et al., 2012, Graham, 2009, Hughes and Gorton, 2015) 
and greater consequences of infection (Baker et al., 2012, Olowokure et al., 1999, 
Phillips et al., 2011, Pockett et al., 2011, Rose et al., 2017) and given the findings 
from Chapter 4 which suggested that more disadvantaged children experience a 
greater burden of GI infections. As described above, this finding could be artefactual 
and related to underrepresentation of those of a lower SES. This hypothesis will be 
tested further through the analysis of a large dataset of calls to telephone-based 
health advice in Chapter 6, which may not suffer to such an extent from low response 
by lower SES groups.  
In theory, this finding could also be due to differential symptom recognition or 
healthcare-seeking behaviour. This hypothesis will be tested further in Chapters 6 
and 7 through the analysis of calls to telephone-based health advice services and 
through the analysis of social patterning of risk factors and exposures for a severe GI 
infection.  
Finally, this finding could suggest that those who are more disadvantaged do have a 
lower risk of GI infections. This may be related to social patterning of risk factors 
and exposures which could influence vulnerability to GI infections. This hypothesis 


















Chapter 6 – Study 3 (Objective 3) 
Social patterning of telephone advice for diarrhoea and 
vomiting in the community: analysis of 24 million calls 
to NHS Direct/NHS 111 in England 
 
  






Gastrointestinal (GI) infections, leading to diarrhoea and vomiting as well as more 
serious health problems, are common, however many of these infections are hidden 
with an estimated 147 cases in the community for every one case recorded in 
national surveillance systems.  There is evidence to suggest that the consequences of 
these infections vary by socioeconomic status (SES), but the impact of SES on the 
risk of GI infections is less well-understood. This study uses data from calls to the 
national telephone helplines for health advice (NHS 111 and NHS Direct) in England 
to assess the association between SES and callers with symptoms suggestive of GI 
infections.   
Methods 
Data from over 24 million calls to NHS Direct/NHS 111 in England were extracted 
from PHE syndromic surveillance systems. Calls about ‘diarrhoea’ and/or ‘vomiting’ 
were collectively defined as GI calls; calls made about other symptoms were defined 
as non-GI calls. Call data were linked to area-level SES and population by age and 
sex. The relationship between SES and GI calls compared to non-GI calls was 
assessed using a generalised linear model (GLM), adjusting for potentially 
confounding variables.  
Results 
A total of 24,214,879 calls were included in the study (NHS Direct n=7,874,257; 
NHS 111 n=16,340,622), of which 6% (n=1,450,843) were classed as GI calls. Risk 
of calling for GI symptoms was significantly higher in the most disadvantaged 
compared to the least disadvantaged areas in both NHS Direct and NHS 111 for all 
ages (NHS 111; 0-4 years RR 1.27, 95% CI 1.25-1.29; 5-9 years RR 1.43, 95% CI 
1.36-1.51; 10-14 years RR 1.36, 95% CI 1.26-1.41; 15-19 years RR 1.59, 95% CI 
1.52-1.67; 20-59 years RR 1.50, 95% CI 1.47-1.53, 60 years and over (RR 1.12, 95% 
CI 1.09-1.14).  





In this exceptionally large sample of calls (over 24 million) made to the NHS 
telephone helplines for health advice, lower SES was associated with higher risk of 
GI calls. This may be related to greater exposure or vulnerability to GI infections for 
more disadvantaged groups.  
  




6.1 Introduction  
This study was designed to address gaps in the literature identified in Study 1, and to 
further investigate socioeconomic inequalities in GI infections in the community. 
Due to the low and biased response rate identified in Study 2 of this thesis, Study 3 
uses data from two national telephone helplines for health advice; the lowest level of 
healthcare interaction available, which brings us as close to the true community 
incidence as we can get from routinely collected data. The objectives of the research 
within this thesis are detailed in Chapter 1. This chapter seeks to meet Objective 3: 
To analyse the extent of, and mechanisms underlying, socioeconomic inequalities in 
risk of GI infections in the community, with estimates derived from routine data on 
members of the public seeking telephone-based healthcare advice in England. 
Gastrointestinal (GI) infections are common, leading to diarrhoea and vomiting as 
well as more serious health problems. Previous estimates suggest that around 25% of 
people in the UK suffer an episode of infectious intestinal disease (IID) per year and 
that foodborne illness in England and Wales costs around £1.5 billion annually (Tam 
et al., 2011a).  Many infections are known to vary by social group but the role of 
socioeconomic inequalities in risk of GI infection in high income countries, such as 
in the UK, is not well understood, with studies presenting conflicting findings 
(Newman et al., 2015).  Many individuals do not present to healthcare as most GI 
infections are self-limiting; it is estimated that there are 147 cases in the community 
for every one case that is reported to national surveillance, such as via laboratory 
reports (Tam et al., 2011a). This level of underreporting presents a challenge to 
understanding the relationship between infection and socioeconomic status (SES) 
due to the potential bias in healthcare interaction within certain groups of society. It 
is therefore important to attempt to capture potential inequalities in GI infections 
particularly amongst individuals who would not be captured in formal surveillance 
systems either within the community, as in the previous chapter, or in those 
accessing healthcare advice through telephone based systems. Telephone helplines 
are underutilised for GI surveillance and potentially give a closer reflection of true 
community incidence than other routine measures. 
This study aims to investigate the relationship between SES and calls to the national 
telephone helplines for health advice with symptoms of diarrhoea and vomiting; 
defined as GI calls. This study will contribute to the understanding of socioeconomic 




and socio-demographic inequalities of GI infections in the UK.  In this chapter I will 
present the results from the analysis of this observational study, including details of 
sensitivity and robustness analyses, the implications of the findings for future work 
and the impact of the results on our understanding for public health.  
6.2 Methods  
The methods for this analysis are found in greater detail in Chapter 3. A brief 
overview is provided below.  
Design, setting and data source 
An observational study design was used to assess socioeconomic inequalities in calls 
about ‘diarrhoea’ and/or ‘vomiting’, which were collectively defined as GI calls with 
calls made about other symptoms, which were defined as non-GI calls. An analysis 
of calls made to the two national telephone helplines for health advice, NHS Direct 
and its successor NHS111, was undertaken to explore the role of socioeconomic 
status on reporting of GI symptoms. These systems provide advice delivered to 
individuals over the telephone as opposed to face-to-face consultation. Both 
telephone helpline systems are described in greater detail in Chapter 3. Data from 
NHS Direct and 111 were extracted from the HPA/PHE NHS Direct/111 syndromic 
surveillance systems, based upon anonymised data routinely collected and used by 
PHE for routine public health surveillance from October 2010 to July 2015. For 
comparability to NHS 111, the NHS Direct dataset was restricted to calls from 
England only. Due to the changeover between systems, no data were extracted in 
August or September 2013 to allow for potential drop-off and uptake of reporting 
across the two systems.  
Participants 
All calls made to either NHS Direct (October 2010 to July 2013) or NHS 111 
(October 2013 to July 2015) with a valid postcode district, the first part of a 
postcode, in England and reported to the HPA/PHE syndromic surveillance systems 
were included. Reason for call was coded as diarrhoea/vomiting (GI calls) or non-
diarrhoea/vomiting (non-GI calls). Data on the number of calls were aggregated by 
postcode district, age group and gender. Population by age group and gender for each 




postcode district were merged with the call data to allow for population- level 
comparisons.  
Outcome and covariates 
The primary outcome of interest for this study was rate of calls for which diarrhoea 
and/or vomiting were the symptoms recorded, per 10,000 population.  The 
comparator group was identified by grouping all calls without diarrhoea or vomiting 
as the symptoms (non-GI calls). 
The primary exposure of interest was SES, determined using the area-level measure 
of SES, IMD (Department for Communities and Local Government, 2011) generated 
using the population-weighted mean IMD score for each postcode district which was 
assigned to each call. IMD quintiles were generated as detailed in Chapter 3. The 
Office for National Statistics Rural Urban Classification (Department for 
Environment, Food and Rural Affairs, 2016) was used to assign the proportion of the 
population classified as urban for each postcode district.  
Other covariates of interest included in the analysis were age (coded as 0-4, 5-9, 10-
15, 16-19, 20-59 and 60 years and over); sex (male/female) and urban decile 
(proportion of population classed as urban, operationalised as deciles).  
Analysis strategy 
Analyses were conducted in R (version 3.3.1). A descriptive comparison of GI call 
rate and non-GI call rate by SES was undertaken. Crude incidence rates, incidence 
differences and incidence ratios by SES were calculated, stratified by gender and age 
group.  
The main analysis explored the relationship between GI calls and SES using a GLM 
with a Poisson family and log-link function. To model the call rate, the log of the 
population in each postcode district, age group and gender was included in the model 
as an offset.  Due to some age groups within postcode districts having a population 
of zero, these were excluded from the main analysis (n=1,357, 0.1%). Separate 
analyses were undertaken for NHS Direct and NHS 111 as it was not justified to pool 
the results due to differences in rates between two systems as a result of NHS 111 
also acting as an out of hours GP service which increased call rates.  The 
multivariable model described above was then fitted with SES (IMD quintile) as the 




exposure variable and calls as the outcome variable, adjusting for the potential 
confounders (age group, sex and urban decile and interactions between age and sex, 
and age and IMD quintile). As the previous literature and study 1 of this thesis 
suggested that the relationship between SES and GI risk may vary across the life 
course, an interaction term between IMD quintile and age group was included. Risk 
ratios and 95% confidence intervals were estimated.  
Sensitivity analyses  
Firstly, to assess whether the exclusion of postcode districts with no population 
affected the results, postcode districts with a population of zero were recoded to one 
and therefore included in the analysis, again stratified by system. Secondly, to test 
whether there was a significant trend across levels of deprivation and rurality, the 
analysis was repeated using IMD Score and the proportion of the population classed 
as urban as continuous variables. Thirdly, due to changing protocols in NHS Direct 
which meant symptom information was unavailable for infants <1 year of age after 
November 2011, sensitivity analysis excluding calls regarding infants <1 was 
conducted.  
Additionally, to explore any change in the trend of the call rate particularly in 
relation to the introduction of the rotavirus vaccine (July 2013) and NHS 111 
(October 2013), incidence rates and incidence rate ratios by SES with associated 
95% confidence intervals were calculated by year for 0-4 year olds (assumed to be 
the vaccine-eligible cohort) compared to GI calls in all other ages, non-GI calls in 0-
4 year olds and non-GI calls in all other ages.    
6.3 Results  
Characteristics of participants 
A total of 24,214,879 calls were included in the study (NHS Direct n=7,874,257; 
NHS 111 n=16,340,622). Of these, 6% (n=1,450,843) were classed as GI calls. Age 
was missing for 431,239 records (1.8%); sex for 314,982 records (1.3%) and; 
whether the caller reported diarrhoea was unknown for 2 records. After excluding 
records with missing data, 23,762,217 calls remained.  




Incidence rate ratios for GI calls were significantly higher among the most 
disadvantaged compared to the least disadvantaged (Table 6.1); this pattern was also 
reflected in all the age- and sex-adjusted incidence rates for the larger NHS 111 
dataset, and for both men and woman and for adults but not for children, in the NHS 
Direct dataset. Non-GI calls were significantly higher compared to the least 
disadvantaged in both systems, although in NHS 111 the incidence rate ratio was 
lower in comparison to the trend in GI calls.   
  




Table 6.1: Incidence rate ratio for exposed (most disadvantaged) compared to 




















Overall GI calls 2.9 2.7 0.2 1.07 1.05-1.08 
Female 3.3 3.0 0.3 1.10 1.08-1.12 
Male 2.5 2.4 0.1 1.03 1.01-1.05 
0-4 14.1 17.7 -3.7 0.79 0.78-0.81 
5-9 2.0 2.1 -0.1 0.94 0.88-1.00 
10-14 0.9 0.9 0.0 1.02 0.94-1.12 
15-19 2.3 2.0 0.3 1.17 1.10-1.24 
20-59 2.1 1.9 0.2 1.11 1.09-1.13 
60+ 2.0 1.8 0.2 1.10 1.06-1.14 
Overall non-GI calls 43.3 36.1 7.2 1.20 1.19-1.20 
Female 50.7 41.3 9.4 1.23 1.22-1.23 
Male 35.7 30.7 5.1 1.17 1.16-1.17 
0-4 112.4 146.3 -33.9 0.77 0.76-0.77 
5-9 23.7 26.7 -3.1 0.89 0.87-0.90 
10-14 16.7 17.5 -0.8 0.95 0.93-0.98 
15-19 46.0 34.1 11.9 1.35 1.33-1.37 
20-59 42.7 32.4 10.4 1.32 1.31-1.33 
60+ 29.7 25.7 4.0 1.16 1.15-1.17 
NHS 111 
Overall GI calls 8.1 5.4 2.7 1.50 1.49-1.52 
Female 9.3 6.2 3.1 1.49 1.47-1.51 
Male 6.9 4.5 2.4 1.52 1.50-1.55 
0-4 46.7 34.9 11.7 1.34 1.31-1.36 
5-9 5.6 3.7 1.9 1.51 1.44-1.59 
10-14 2.4 1.7 0.7 1.43 1.33-1.54 
15-19 6.3 3.7 2.6 1.70 1.52-1.78 
20-59 4.5 2.9 1.7 1.57 1.54-1.60 
60+ 6.4 5.4 1.0 1.18 1.16-1.21 
Overall non-GI calls 125.0 118.3 6.7 1.06 1.05-1.06 
Female 143.0 133.6 9.4 1.07 1.07-1.07 
Male 106.7 102.4 4.3 1.04 1.04-1.05 
0-4 289.9 381.8 -92.0 0.76 0.76-0.76 
5-9 76.0 91.5 -15.5 0.83 0.82-0.84 
10-14 49.1 55.0 -5.9 0.89 0.88-0.91 
15-19 131.2 104.5 26.6 1.25 1.24-1.27 
20-59 113.3 91.5 21.8 1.24 1.23-1.24 
60+ 133.9 137.7 -3.8 0.97 0.97-0.98 





Data were aggregated to postcode district, age group and gender for the main 
analysis.  The aggregated data used in the regression analysis consisted of 49,970 
postcode district, age and gender groups. As there was a significant interaction 
between age group and IMD quintile (Appendix 4.5 and 4.6), Table 6.2 presents the 
risk ratio for IMD in each age group for NHS Direct derived from the interaction 
terms, adjusting for sex and proportion of the population classed as urban (Table 
6.2); there was a statistically significant lower risk of calling with GI symptoms 
amongst the most disadvantaged compared to the least disadvantaged children under 
10 years of age but there was no significant difference in age for adults. The full 
model with the separate parameters is presented in Appendix 4.5. 
In Table 6.3 the risk ratio for IMD in each age group for NHS Direct derived from 
the interaction terms, adjusting for sex and proportion of the population classed as 
urban is presented (Table 6.3); there was a statistically significant higher risk of 
calling with GI symptoms amongst the most disadvantaged compared to the least 
disadvantaged. The trend across quintiles was clearer in NHS 111, with the risk 
statistically significantly higher in the most disadvantaged compared to the least 
disadvantaged in all age-groups. The full model with the separate parameters is 
presented in Appendix 4.6. 
  




Table 6.2: Univariate and multivariable regression analysis presenting main effect 
with interaction terms for GI calls in each age group – NHS Direct (n=24,985)  
Age group IMD Quintile  
Univariate risk 




 (95% CI) 
p value 
0-4 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 0.98 (0.96-1.00) 0.98 (0.96-1.00) 0.05 
 3 0.97 (0.95-0.99) 0.93 (0.92-0.95) <0.001 
 4 0.93 (0.91-0.95) 0.86 (0.84-0.87) <0.001 
 5 (Most disadvantaged) 0.79 (0.78-0.81) 0.72 (0.71-0.74) <0.001 
5-9 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 0.99 (0.93-1.04) 0.98 (0.93-1.04) 1.00 
 3 1.06 (1.00-1.12) 1.01 (0.96-1.07) 1.00 
 4 1.04 (0.99-1.10) 0.96 (0.91-1.01) 1.00 
 5 (Most disadvantaged) 0.94 (0.88-1.00) 0.85 (0.80-0.90) <0.001 
10-14 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.09 (0.99-1.18) 1.09 (1.00-1.18) 0.05 
 3 1.18 (1.07-1.26) 1.11 (1.25-1.32) 0.01 
 4 1.17 (1.08-1.27) 1.08 (0.99-1.17) 0.10 
 5 (Most disadvantaged) 1.02 (0.94-1.12) 0.92 (0.85-1.01) 0.10 
15-19 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.07 (1.01-1.13) 1.07 (1.01-1.13) 0.05 
 3 1.17 (1.11-1.24) 1.12 (1.06-1.18) <0.001 
 4 1.22 (1.15-1.29) 1.12 (1.06-1.18) <0.001 
 5 (Most disadvantaged) 1.17 (1.10-1.24) 1.05 (0.99-1.11) 1.00 
20-59 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.03 (1.00-1.05) 1.02 (1.00-1.04) 0.05 
 3 1.06 (1.04-1.08) 1.02 (1.00-1.04) 0.10 
 4 1.13 (1.11-1.15) 1.04 (1.02-1.06) <0.001 
 5 (Most disadvantaged) 1.11 (1.09-1.13) 1.01 (0.99-1.03) 1.00 
60+ 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 0.99 (0.96-1.02) 1.00 (0.97-1.03) 1.00 
 3 1.06 (1.03-1.09) 1.03 (1.00-1.06) 0.10 
 4 1.12 (1.09-1.15) 1.03 (1.00-1.06) 0.10 
 5 (Most disadvantaged) 1.10 (1.06-1.14) 0.99 (0.96-1.03) 1.00 
a
Linear combination of main effect + interaction between age and IMD quintile, adjusted for sex and % 
urban; 
b
Reference age category 
  




Table 6.3: Univariate and multivariable regression analysis presenting main effect 
with interaction terms for GI calls in each age group – NHS 111 (n=24,985) 
Age group IMD Quintile  





 (95% CI) 
p value 
0-4 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.20 (1.19-1.22) 1.20 (1.18-1.22) <0.001 
 3 1.40 (1.38-1.42) 1.37 (1.35-1.39) <0.001 
 4 1.40 (1.37-1.42) 1.34 (1.31-1.36) <0.001 
 5 (Most disadvantaged) 1.34 (1.31-1.36) 1.27 (1.25-1.29) <0.001 
5-9 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.17 (1.11-1.22) 1.16 (1.11-1.22) <0.001 
 3 1.41 (1.35-1.48) 1.38 (1.32-1.45) <0.001 
 4 1.51 (1.44-1.58) 1.44 (1.37-1.51) <0.001 
 5 (Most disadvantaged) 1.51 (1.44-1.59) 1.43 (1.36-1.51) <0.001 
10-14 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.19 (1.11-1.28) 1.19 (1.11-1.28) <0.001 
 3 1.39 (1.29-1.48) 1.36 (1.27-1.46) <0.001 
 4 1.42 (1.33-1.52) 1.36 (1.27-1.46) <0.001 
 5 (Most disadvantaged) 1.43 (1.33-1.54) 1.36 (1.26-1.30) <0.001 
15-19 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.24 (1.18-1.30) 1.24 (1.18-1.30) <0.001 
 3 1.51 (1.44-1.58) 1.47 (1.41-1.54) <0.001 
 4 1.62 (1.55-1.70) 1.54 (1.47-1.61) <0.001 
 5 (Most disadvantaged) 1.70 (1.62-1.78) 1.59 (1.52-1.67) <0.001 
20-59
b
 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.24 (1.22-1.26) 1.23 (1.21-1.26) <0.001 
 3 1.45 (1.43-1.48) 1.42 (1.40-1.45) <0.001 
 4 1.53 (1.50-1.56) 1.46 (1.44-1.49) <0.001 
 5 (Most disadvantaged) 1.57 (1.54-1.60) 1.50 (1.47-1.53) <0.001 
60+ 1 (Least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.13 (1.11-1.15) 1.13 (1.11-1.15) <0.001 
 3 1.28 (1.26-1.31) 1.26 (1.23-1.28) <0.001 
 4 1.25 (1.23-1.28) 1.19 (1.17-1.22) <0.001 
 5 (Most disadvantaged) 1.18 (1.16-1.21) 1.12 (1.09-1.14) <0.001 
a
Linear combination of main effect + interaction between age and IMD quintile, adjusted for sex and % urban; 
b
Reference age category 
  





Sensitivity analyses were conducted to assess the robustness of the findings by; 
recoding postcodes with no population to one in order to include them in the analysis 
(Appendix 4.7); entering deprivation and rurality as continuous variables into the 
model to assess whether there were significant trends by these two variables 
(Appendix 4.8); and comparing results for NHS Direct including and excluding calls 
about children under 1 year of age (Appendix 4.9a and 4.9b). In NHS Direct there 
was no significant linear trend in IMD score; in NHS 111, GI calls significantly 
increased with increasing deprivation. In both NHS Direct and NHS 111, GI calls 
significantly increased with decreasing rurality. The results of analyses excluding 
calls regarding infants aged under 1 in NHS Direct were comparable to the results 
including infants under 1 year of age, therefore it was valid to include records for 
these infants in the main analysis. These analyses did not alter the overall 
conclusions of this research; namely that risk of GI calls is significantly higher in 
disadvantaged areas compared to less disadvantaged areas.  
Additional analysis exploring the relationship between SES and GI calls by year to 
explore whether there was any change in reporting that could be attributed to the 
introduction of the rotavirus vaccine is presented in Table 6.4.  There was a large 
increase in GI- and non GI-call rates in 2013-2014, coinciding with the introduction 
of NHS 111. In GI calls for aged under 5 years of age, prior to 2013, call rates were 
lower in the most disadvantaged areas compared to the least disadvantaged areas but 
from 2013, call rates were significantly higher in the most disadvantaged areas 
compared to the least disadvantaged areas. The incidence rate ratio increased 
substantially from 2012-13, substantially again from 2013-14 and by a lesser, 
although statistically significant, amount from 2014-15. For GI calls for 5 years and 
over, the rate is greater in the most disadvantaged compared to the least 
disadvantaged across the two systems although the incidence rate ratio widened, with 
a substantial increase from 2013-14 and smaller, but statistically significant, 
increases from 2012-13 and 2014-15.   
For non-GI calls, the rates remain relatively stable across the two systems; in calls 
for under 5 year olds, the rate is lower in the most disadvantaged compared to the 
least disadvantaged areas and the ratio stays in the 0.73-0.79 range across the 6 year 




period, despite the change in the system and the increase in overall rates. In callers 
aged 5 years and older, the rate is higher in the most disadvantaged areas compared 
to the least disadvantaged areas, with the ratio decreasing from 2012-13, but 
otherwise relatively stable.  
  




Table 6.4: Rates per 10,000 person-months and incidence rate ratio for exposed 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.4 Discussion  
In this analysis of a large representative dataset of calls to the NHS telephone 
helplines for health advice, the relationship between GI calls and SES was 
investigated using a population-weighted area-based measure of SES. There was a 
greater risk of GI calls from more disadvantaged areas compared to less 
disadvantaged areas. The trend was most clear, increasing across all quintiles, in the 
NHS 111 dataset; in NHS Direct, there was a significantly lower risk in children but 
no significant difference in risk for adults. The introduction of NHS 111 greatly 
increased GI calls, particularly amongst more disadvantaged individuals. Although 
overall rates also increased for non-GI calls, the relative rate of deprivation did not 
change. This difference could be related to differences in the way individuals are 
interacting with NHS 111 compared to NHS Direct – this could be related to NHS 
111 being a Freephone number which was not the case for NHS Direct and NHS 111 
being a true gateway to unscheduled care as individuals will also use NHS 111 to 
access out of hours GP services whilst NHS Direct was a standalone health system – 
although it is unclear why this would have a greater impact upon calls for GI 
symptoms. 
This is a novel use of two existing datasets to assess social patterning of GI calls in 
England. From a search of the literature and questioning of syndromic surveillance 
experts, to the best of my knowledge this is one of the largest studies conducted on 
this topic in England, including over 24 million calls. This dataset is the lowest level 
of healthcare interaction available, which brings us as close to the true community 
incidence as we can get from routinely collected data. In addition, there were very 
low levels of missing data, which is a strength of using these datasets, compared to 
the low and potentially biased level of coverage in the community cohort. A key 
strength of this study is that, as for the previous study, it does not require an 
individual to present to formal healthcare settings nor have a sample taken and as 
such potentially represents a significant proportion of the GI infections which remain 
hidden from national surveillance systems. This is important if the decision to seek 
care is related to SES.  
It was possible to assess GI calls in comparison to non-GI calls, which provided a 
control group. Postcode districts for which no calls were received were included in 
order to take account of the underlying population at risk, including those who did 




not call and as such it was possible to assess whether the pattern of calls by SES 
reflected the population- level distribution of calls or differed for GI infections. 
Multiple sensitivity analyses were also possible to check the robustness of the 
findings and to explore social patterning within GI calls. Despite being observational, 
this study provides evidence of the existence of socioeconomic inequalities in GI 
infections. It is also important to note that community-level infection is important for 
GI infections due to person-to-person transmission and therefore it may actually be 
more appropriate to consider population- level analyses for this type of infection.  
Although this was a large study, it is also possible that residual confounding, bias 
which remains after confounding has been adjusted for as far as possible, remains. 
Despite being nationally representative in terms of coverage, it is possible that the 
two datasets may not be representative of the population in terms of use of telephone 
helplines by SES. Furthermore, NHS Direct was under-representative of the elderly, 
who preferred to speak directly to a GP (Cook et al., 2014). Previous research 
conducted using data from NHS Direct has suggested that demand is highest in areas 
where deprivation is at or just above the national average (Cooper et al., 2005), and 
that extreme deprivation appeared to raise adult call rates but reduce call rates in 
children (Cooper et al., 2005).  This could suggest a baseline difference in the 
demographics of the population interacting with this service but we were able to 
include postcodes from which no calls originated as well as calculating crude 
incidence rates to compare callers in the context of the wider population at risk.  
In addition, area-level measures of SES, as used here, may not be sensitive enough to 
detect socioeconomic inequalities particularly where such inequalities are potentially 
generated by individual factors. As postcode district was the only available 
geographical measure, and as these may have crossed multiple LSOA boundaries, 
misclassification of SES is possible; we used population-weighted IMD scores to 
minimise this issue. A proportion of records for which there was no match to IMD 
score initially were manually cleaned where it was possible to identify the postcode 
district due to missing spaces, or letters substituted for numbers. This introduces the 
possibility of misclassification of IMD or the proportion of the population classed as 
urban, although this affected only 0.1% (n=14,639) of total calls included and is 
therefore unlikely to have affected the results. Postcode districts which bordered 
England and Scotland or Wales may have been misclassified but this affected only a 




small number of postcode districts and is unlikely to have caused a socioeconomic 
bias.  The large size of this dataset is also likely to reduce these potential biases.  
Due to the introduction of NHS 111 (replacing NHS Direct) and the 
contemporaneous introduction of the rotavirus vaccine, it was not possible to assess 
whether any changes in incidence of GI calls by SES was as the result of either 
intervention. To estimate the incidence rate ratios for 0-4 year olds compared to other 
ages, we assumed the vaccine eligible cohort to be those aged 0-4 years and that the 
effect of the vaccine would be minimal in all other age groups, however older non-
vaccinated age groups may not be an adequate control group due to indirect 
protection. Furthermore, in November 2011 NHS Direct changed the assessment 
protocol for infants aged less than 1 year which meant that symptom information was 
no longer available for syndromic surveillance and resulted in a drop in reported calls 
for this age group, which is evident when presenting the rates by year (Table 6.4) and 
may also explain the different findings in comparison to NHS 111. Sensitivity 
analysis comparing results for NHS Direct including and excluding <1 year olds 
demonstrated that this did not have an impact on the results.  
Syndromic surveillance systems were used to assess the likely impact of the rotavirus 
vaccine prior to its introduction (Bawa et al., 2015). Studies have been conducted to 
explore the overall impact of the rotavirus vaccine (Atchison et al., 2016) however 
further studies to assess the relationship between SES and potential impacts of the 
rotavirus vaccine using syndromic surveillance systems, GP and Hospital Episode 
Statistics (HES) data  would be beneficial.  
GI symptoms were self-reported which may have resulted in some misclassification 
of the outcome (diarrhoea and/or vomiting) but the use of clinical decision pathways 
by the call-handler to assess the presenting symptoms and determine further 
healthcare needs of the patient is likely to reduce the potential that non-infectious 
causes of diarrhoea/vomiting were recorded and included in this dataset. It is also 
possible that the use of the clinical decision pathways might result in the 
prioritisation of other presenting symptoms such as headache or fever over GI 
symptoms. Finally, the analyses forming this study are cross-sectional and as such, it 
is not possible to determine causation. Further, the data are syndromic surveillance 
data and are therefore not linked to specific pathogens or causes.  




Despite these limitations this study represents an important analysis of a large dataset 
of calls to NHS telephone-based healthcare advice services in England which 
suggests differences in odds of calling for GI symptoms by SES amongst the 
population within this study. This is the only study of the relationship between SES 
and GI infection using telephone helpline data which is the lowest level of healthcare 
interaction and the nearest to the population incidence for which we can get a high 
level of case ascertainment.  
One study by Cooper et al. (2003) exploring 150,000 GI calls to NHS Direct over a 
six-month period at three sites found that GI calls accounted for 10.3% of total calls; 
this proportion was significantly higher among children under 1 year of age (23.5%) 
and aged 1-4 years (21.5%). This finding is slightly higher than the 6% of calls in our 
study being classed as GI calls. This study did not explore socioeconomic 
inequalities in GI calls.  
Several studies have explored the social patterning of calls to NHS Direct, but not 
specifically for GI calls.  Cooper et al. (2005) used NHS Direct calls to assess socio-
demographic patterning. As found in the study mentioned above, calls were highest 
in children under five years of age and were higher in women compared to men; with 
the highest ratio in the 15-44 year age group. They found that the effect of extreme 
deprivation appeared to raise adult call rates but reduce call rates for children. This is 
similar to the findings in our study for non-GI calls. This study was conducted on all 
calls, not specifically for GI calls in two regions of England only and recommends 
national studies are undertaken to validate the findings. In our study, higher rates of 
GI calls in more derived compared to less disadvantaged areas were observed overall 
and for children, which is a novel finding.  
Burt et al. (2003) found that there was a significant non-linear relationship between 
deprivation score and call rates to NHS Direct, with lower rates in the most affluent 
and the most disadvantaged areas of London. The authors suggest that the decline at 
the extremes of deprivation scores may reflect barriers to accessing NHS Direct. 
There is a very high ethnic minority proportion in London, particularly in 
disadvantaged areas, and this may have impacted on the results if language is a 
barrier to using telephone-based services.   




Shah and Cook (2008) found that NHS Direct use was lower in households with low 
income (OR 0.67 (95% CI 0.55-0.81); adjusting for limiting illness increased the 
effect of socioeconomic factors on NHS Direct use. Qualitative studies have also 
been used to explore the social patterning of callers to NHS Direct. Cook et al. 
(2014) used focus groups with users and non-users of NHS Direct to explore barriers 
to use. The authors found that there were a range of barriers including the cost of 
making a phone call to NHS Direct and that this view was expressed more often by 
non-users from disadvantaged communities. The NHS 111 system is free to call 
although the authors highlighted that this change should be clearly communicated to 
the general public. In our study, we found significantly higher risk of GI calls 
amongst the most disadvantaged compared to the least disadvantaged for NHS 111, 
but lower risk in disadvantaged children in NHS Direct dataset. In addition, call 
volume greatly increased following the introduction of NHS 111; this was 
particularly evident for GI calls in the most disadvantaged areas which may reflect 
NHS 111 being a true out of hours service.  
There are several possible explanations for the finding of higher odds of calls 
regarding GI symptoms amongst more disadvantaged individuals in this study. The 
finding may be artefactual; the study population may not be representative of the 
general population and may differ from the population not using NHS telephone-
based healthcare advice services.  Despite this, the sample was large, and the internal 
associations, which were the targets of inference within the sample population, are 
likely to be valid. Moreover the inclusion of postcode districts from which no calls 
were received enabled us to take account of the underlying population at risk. On the 
other hand, it could also be that more disadvantaged individuals have a genuinely 
higher risk of GI symptoms compare to less disadvantaged individuals. This may 
relate to differential exposure, differential vulnerability to disease, or reflect 
differences in the recognition or reporting of symptoms or differential healthcare 
seeking behaviour.  
In summary, there is evidence from this study and others to suggest the existence of a 
relationship between GI infections and SES. Amongst people calling NHS telephone-
based healthcare advice services, people from more disadvantaged areas were more 
likely to call for GI symptoms compared to people calling from less disadvantaged 
areas, and this relationship is stronger than for non-GI calls.  This finding has 




implications for service providers and the NHS in terms of resource allocation. 
Further research is required to explore the role of symptom recognition, perception, 
healthcare interaction and other potentially mediating exposures to complement these 
results and help to explain the relationship between SES and GI infection. A greater 
understanding of the individual behaviours and risk factors by SES is crucial to 
understanding the differential risk, vulnerability, and consequences of GI infections. 
These results contribute to the evidence on community- level risk of and vulnerability 
to GI infections amongst individuals seeking care through NHS telephone-based 
healthcare advice services. Alongside future planned analyses, these results could 
ultimately be used to provide further evidence to inform policies to address 
inequalities in risk, vulnerability and consequences of GI infections. 
6.5 Interpretation  
In this chapter I have demonstrated evidence to suggest differential risk of calling 
NHS telephone-based healthcare advice lines for GI symptoms in England, with 
higher risk of calling for GI symptoms amongst people from more disadvantaged 
areas compared to people from less disadvantaged areas. This finding agrees with the 
results reported in Chapter 4 which suggested that more disadvantaged children 
experience a greater burden of GI infections, although disagrees with the results of 
Chapter 5 which suggested that disadvantaged individuals in the community had a 
lower hazard of IID symptoms compared to advantaged individuals. The reason for 
this discrepancy is not yet clear, although it may  be that this dataset provides a more 
reliable assessment of the relationship between SES and GI infections as the IID2 
study experienced very low response rates which varied by SES. To accurately 
estimate the incidence of GI infections, it is important to get as close to the true 
population incidence as possible therefore telephone helplines represent the nearest 
community incidence measure for which there is high usage from a representative 
population. This is likely to estimate incidence more accurately than other datasets, 
such as HES, which would record more severe infection only and would possibly 
introduce a larger healthcare seeking bias. 
This finding could also suggest differential symptom recognition or healthcare-
seeking behaviour. This hypothesis will be tested further in Chapter 7 through the 
analysis of social patterning of risk factors and exposures for a severe GI infection. 
Finally, this finding could suggest that those who are more disadvantaged do have a 




higher risk of GI infections. This may be related to social patterning of risk factors 
and exposures which could influence vulnerability to GI infections. This hypothesis 















Chapter 7 – Study 4 (Objective 4) 
Social patterning of clinical outcomes, healthcare 
contact, risk factors and development of severe 
complications in a diagnosed GI infection 






Shiga toxin-producing Escherichia coli (STEC) infection, such as that caused by E. 
coli O157, is a relatively rare but potentially serious cause of gastrointestinal illness 
in England. Symptoms can range from mild gastroenteritis to severe bloody 
diarrhoea and can cause the potentially fatal Haemolytic Uraemic Syndrome (HUS), 
the leading cause of acute renal failure in children in the UK. Many infections are 
socially patterned; but the role of socioeconomic status (SES) in differential clinical 
outcomes, healthcare contact and exposure to potential risk factors; and the role of 
socioeconomic conditions (SECs) in the risk of subsequent HUS development have 
not been explored in England.  
Methods 
An observational study using data collected on all primary, symptomatic, STEC 
cases identified in the PHE National Enhanced Surveillance System for STEC 
(NESSS) from January 2010 to December 2015 was undertaken. Multivariable 
logistic regression was used to assess the relationship between SES, clinical factors, 
healthcare contact and exposure to known risk factors for STEC. A separate 
retrospective cohort of paediatric HUS cases, generated by an active surveillance 
system, was analysed to estimate the odds of progression to HUS on the basis of 
socio-demographic risk factors. 
Results 
The odds of a case of STEC infection visiting A&E and hospitalisation were 
significantly higher among disadvantaged, compared to less disadvantaged cases 
(OR 1.35, 95% CI 1.10-1.75 and OR 1.71, 95% CI 1.36-2.15 respectively). Odds of 
exposure to known risk factors for STEC were significantly lower among more 
disadvantaged STEC cases; foreign travel (OR 0.57, 95% CI 0.44-0.73), 
fish/shellfish (OR 0.68, 95% CI 0.52-0.87), salad, fruit, vegetables or herbs (OR 
0.63, 95% CI 0.46-0.86), fresh water (OR 0.65, 95% CI 0.44-0.95), walking in a 
paddock (OR 0.55, 95% CI 0.37-0.82), day trip (OR 0.64, 95% CI 0.46-0.89), 
contact with soil (OR 0.66, 95% CI 0.47-0.92), and UK travel (OR 0.54, 95% CI 
0.39-0.74). 




Odds of progression to HUS among paediatric STEC cases was non-significantly 
lower among more disadvantaged children, compared to less disadvantaged children 
(OR 0.57, 95% CI 0.25-1.31) in the fully adjusted model.  
Conclusion 
Social patterning of clinical outcomes, healthcare contact and some risk factors were 
observed, with higher odds of reporting A&E and hospitalisation in more 
disadvantaged individuals and lower odds of exposure to known risk factors for 
STEC infection. Non-significant lower HUS development was identified among 
more disadvantaged children. Further studies are required corroborate the findings of 
this study to better identify and tackle socioeconomically driven inequalities in GI 
infections. 
  





This study was designed to address gaps in the literature identified in the literature 
review (Chapter 2), and to further investigate potential differences in exposure or 
healthcare interaction which may partially explain the findings of Studies 1-3 of this 
thesis. The objectives of the research within this thesis are detailed in Chapter 1. This 
chapter seeks to meet Objective 4: To explore the social patterning of clinical 
outcomes, healthcare contact and risk factors for a laboratory-confirmed, potentially 
severe, GI infection (STEC) and socio-demographic inequalities in risk of 
development of a serious sequela (HUS) in order to suggest hypotheses for testing in 
future studies which will lead to a better understanding of the mechanisms leading to 
socioeconomic inequalities and may identify important links in the causal chain 
which could be addressed more effectively. 
Shiga toxin-producing Escherichia coli (STEC; also known as vero cytotoxin-
producing E. coli (VTEC)) are a group of bacteria that cause infectious 
gastroenteritis, with STEC O157 being the most frequently reported strain to cause 
illness in England (Byrne et al., 2015). Symptoms can range from mild 
gastroenteritis (David et al., 2004) through to severe bloody diarrhoea (Ackers et al., 
1998, Sutcliffe et al., 2004). On rare occasions, STEC infection can cause the serious 
condition of haemolytic uraemic syndrome (HUS) (Payne et al., 2003, Rangel et al., 
2005, Tarr et al., 2005), affecting the blood, kidneys and, in the most severe cases, 
the central nervous system. Children and the elderly are most susceptible to severe 
illness and HUS is recognised as the most common cause of acute renal failure 
among children in the UK (Lynn et al., 2005). A previous study conducted by the 
British Paediatric Surveillance Unit (BPSU), in conjunction with PHE (formerly the 
HPA), identified 413 cases of HUS between 1997 and 2001, 330 of which were 
STEC related (Lynn et al., 2005). It is estimated that 5-8% of individuals with STEC 
infection will progress to HUS (Tarr et al., 2005) however, it is acknowledged that 
this could be as high as 15% in young children (Byrne et al., 2015, Gould et al., 
2009). Strains of STEC encoding stx2 toxin genes are more often associated with 
HUS than other strains (Byrne et al., 2015, Dallman et al., 2015, Ethelberg et al., 
2004, Lynn et al., 2005, Milford et al., 1990, Persson et al., 2007). 
Infection with STEC is a relatively rare cause of gastrointestinal illness in England, 
with around 900 cases diagnosed annually (Public Health England, 2016). Several 




large and severe outbreaks have occurred, notably three outbreaks which led to 
inquiries including; an outbreak in Central Scotland in 1996 associated with a 
butchers which resulted in 496 cases, 127 individuals admitted to hospital and 18 
deaths (The Pennington Group, 1997); an outbreak in South Wales in 2009 
associated with contaminated meat sourced from an abattoir which resulted in 157 
cases, 31 hospital admissions and one infant death (Pennington, 2009) and an 
outbreak at a petting farm in England in 2009 resulted in 93 cases, mostly children, 
17 of whom developed HUS (Griffin, 2010).  
Transmission to humans occurs through consumption of contaminated food (Ackers 
et al., 1998, Gillespie et al., 2005, Rangel et al., 2005) or exposure to a contaminated 
environment involving direct or indirect contact with animals or their faeces, 
including petting farm visits (David et al., 2004, Griffin, 2010, Payne et al., 2003) 
and swimming in contaminated water (Rangel et al., 2005, Verma et al., 2007). 
Furthermore, the low infectious dose of STEC (Teunis et al., 2004, Tuttle et al., 
1999) means that once in a population, person-to-person spread is common (Adams 
et al., 2016b, Al-Jader et al., 1999, Swerdlow and Griffin, 1997).  
Risk factors for STEC infection are well documented and include a variety of 
foodborne, waterborne and environmental factors as well as foreign travel (Gillespie 
et al., 2005, Locking et al., 2001, Parry et al., 1998). There is evidence to suggest that 
those who are disadvantaged have a lower risk of STEC infection (Chang et al., 
2009, Jalava et al., 2011, Whitney et al., 2015), and potentially a lower risk of 
progression to HUS outside of England (Rowe et al., 1991, Whitney et al., 2015), 
however no studies have looked at the relationship between SES, STEC and HUS in 
England; studies reporting differences in risk of GI infection by SES have 
hypothesised that these differences may be due to differential exposure such as 
through travel, eating outside of the home or dietary preferences (Chang et al., 2009, 
Jalava et al., 2011, Whitney et al., 2015) or related to healthcare interaction (Whitney 
et al., 2015). There is limited evidence as to whether these hypothesised associations 
are real, and no studies exploring this in England. Despite many interventions to 
reduce the incidence of STEC infection over the last 30 years, which have resulted in 
changes in risk factors and exposures, levels of infection have remained relatively 
stable (Adams et al., 2016b). 




Few studies have explored the social patterning of risk factors for STEC (Bentancor 
et al., 2012) or the socio-demographic risk factors associated with progression to 
HUS, and no such studies have been undertaken in England. In this chapter I will 
present the results from the analysis of the social patterning of STEC risk factors and 
the analysis of a paediatric cohort of STEC cases, including details of sensitivity and 
robustness analyses and the implications of the findings for future work and on our 
understanding for public health.  
7.2 Methods – Social patterning of clinical outcomes, healthcare contact 
and risk factors for STEC 
The methods for this analysis are found in greater detail in Chapter 3. A brief 
overview is provided below.  
Design, setting and data source 
An observational study design was used to assess the relationship between SES and a 
variety of risk factors for STEC infection. Data were extracted from the PHE 
National Enhanced Surveillance System for STEC (NESSS), described in detail in 
Chapter 3. 
Participants 
All microbiologically confirmed, probable or clinically suspect, symptomatic STEC 
cases with onset dates between 1st January 2010 and 31st December 2015 (inclusive) 
recorded in NESSS were included. Both sporadic and outbreak-associated cases were 
included. Figure 3.6 (Chapter 3) described the selection of participants for inclusion 
in this study. 
Asymptomatic, microbiologically suspect or shiga-toxin (stx) negative individuals, or 
those lost-to-follow-up or without an ESQ were excluded prior to data extraction as 
follow-up information is not routinely obtained for these groups and therefore it was 
not possible to obtain details of exposures for these individuals. Individuals for 
whom postcode could not be linked to an IMD score were excluded. The presence of 
stx genes was used as the main microbiological variable.  




Outcomes and covariates 
The outcomes of interest were a range of reported exposures including foodborne, 
waterborne and environmental risk factors. The association between each of these 
and the primary exposure of interest (SES) were tested. 
Socioeconomic status was determined using a small area deprivation measure, the 
Index of Multiple Deprivation 2010 (IMD) (Department for Communities and Local 
Government, 2011), assigned to each individual based on their full postcode. Other 
covariates of interest included in the analysis were age; sex; ethnicity; rurality; 
whether the case was associated with an outbreak; clinical symptoms; healthcare 
contact; antibiotic and anti-diarrhoeal use; and microbiology. Where symptoms, 
travel status, healthcare contact or exposure variables were blank or unknown, these 
were recoded as a negative response.  
Analysis strategy 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). The distribution of the 
population by IMD quintile overall and by age and sex was compared to the study 
population and crude incidence rates, as well as age- and sex-adjusted incidence 
rates, accounting for the population ‘at risk’ were produced to explore whether the 
patterns identified in the descriptive analysis could be explained as following the 
expected distribution within the population. A descriptive analysis of the distribution 
of risk factors and clinical presentation by IMD quintiles was undertaken and chi 
square test for trend used to assess whether there was a statistically significant 
relationship between IMD quintile and each of the variables in turn. Variables 
identified as significantly related to IMD in the descriptive analysis (p=<0.05) were 
included in subsequent analyses. Foreign travel associated cases were excluded from 
the analysis of risk factors, as follow-up information on other risk factors is not 
sought for these cases in NESSS.  
Univariate and multivariable logistic regression models were used to assess the 
relationship between IMD quintile and clinical presentation, adjusting for age, sex, 
ethnicity, rurality and the presence of stx gene as a marker of severity.  




The relationship between IMD and foreign travel was also assessed in this way, 
however the multivariable model did not control for stx genes as this is not on the 
causal pathway between SES and exposure to risk factors. 
Foreign travel associated cases were then excluded and univariate  and multivariable 
logistic regression was then used to assess the relationship between IMD quintile and 
each risk factor variable adjusting for age, sex, ethnicity and rurality; as for foreign 
travel, stx gene was not included in these models. Due to missing data for the 
ethnicity variable (19.1%), multiple imputation using chained equations (MICE) 
(UCLA Institute for Digital Research and Education, 2017a) was used to impute 
values where ethnicity (White/non-White) was missing. Fifty imputed datasets were 
generated. The distribution of ethnicity by age and sex was assessed to check the 
missing at random (MAR) assumption. 
To assess the robustness of our findings, the risk factor analysis was repeated for 
sporadic cases and for cases aged less than 16 years to determine whether there were 
differences in risk factors by SES for children. The clinical presentation analyses 
were repeated on restricted datasets for i) non-travel associated cases, ii) sporadic 
cases and iii) children aged less than 16 years.  
7.3 Methods – socio-demographic risk factors in development of HUS  
The methods for this analysis are found in greater detail in Chapter 3. A brief 
overview is provided below.  
Design, setting and data source 
For this study, a retrospective cohort analysis was conducted using two linked data 
sources; PHE NESSS and the British Paediatric Surveillance Unit (BPSU) HUS 
Study in conjunction with PHE. Data were extracted on all symptomatic confirmed, 
probable or suspect (clinical) STEC cases aged 0-15 years (inclusive) identified in 
NESSS and clinical data on paediatric (aged <16 years) HUS cases, collected by 
BPSU HUS Study during the period of the BPSU HUS Study (1st October 2011 to 
31st October 2014). Both surveillance systems are described in greater detail in 
Chapter 3. Cases in the BPSU dataset were linked to those in the NESSS dataset to 
create a retrospective cohort.  





The linkage of two robust datasets, both of which can record HUS status, ensures 
high ascertainment of HUS cases. Figure 3.7 (Chapter 3) described the selection of 
participants for inclusion in this study. 
Outbreak cases were included. Asymptomatic, suspect or stx- negative individuals 
were treated as non-cases and excluded as follow-up information is not routinely 
obtained for these groups. Individuals without an ESQ were also excluded as it was 
not possible to obtain details of illness for these individuals. Cases identified in the 
absence of microbiological confirmation of STEC or with a serological result were 
retained for summarising but excluded from the regression model as it is not always 
possible to obtain a stool sample in HUS cases and excluding these individuals may 
have led to an under ascertainment of HUS. All HUS cases included in this study 
were diagnosed with ‘typical’ HUS as they experienced a diarrhoeal prodrome.  
Outcome and covariates 
The main outcome of interest was HUS. This was determined either by the presence 
of the case in the BPSU dataset, conforming to a set of clinical criteria for HUS 
(Byrne, 2017) or by the completion of the HUS field in the ESQ and recorded within 
NESSS.  As a proxy for childhood SEC a small area deprivation measure, the Index 
of Multiple Deprivation 2010 (IMD) (Department for Communities and Local 
Government, 2011), was used and assigned to each individual based on their full 
postcode. The IMD score was divided into population- level quintiles, with the first 
quintile representing the least disadvantaged and the fifth quintile representing the 
most disadvantaged.  Other covariates of interest included in the analysis were age 
group (<1, 1-4, 5-9, 10-15 years); sex (male/female); ethnicity (White/non-White); 
travel (yes/no); rurality (rural/urban); microbiology (stx1, stx2, stx1+2); antibiotic 
use (yes/no); clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting, 
abdominal pain, fever) and region (regions of England). The presence of stx genes 
was used as the main microbiological variable.   
Analysis strategy 
Analyses were conducted in Stata 13.1 (Statacorp, Texas). The main analysis 
investigated the relationship between SEC, as measured by IMD, and development of 




HUS among paediatric STEC cases operationalised as a binary variable (0=no 
progression to HUS; 1=progression to HUS). Firstly this was investigated through a 
descriptive analysis of the patterning of sociodemographic risk factors by IMD 
quintiles. 
Univariate relationships were then explored between SECs and the covariates of 
interest; age; sex; ethnicity; travel; rurality; microbiology; antibiotic use; clinical 
symptoms; and region before fitting a multivariable logistic regression model, 
adjusting for these covariates. Healthcare contact variables were excluded from the 
main analysis as these are not regarded as potential confounders. Cases identified via 
serological testing only (n=66) or for whom no microbiological information was 
available (n=4) were excluded in order to assess the role of stx genes. All variables 
were retained in this model in order to control for any potential confounding. 
Interaction terms between variables (IMD, ethnicity, age and sex) were tested for 
inclusion to investigate whether the strength of any relationship was moderated by 
the inclusion of another variable. Due to missing data for the ethnicity variable, 
multiple imputation using chained equations (MICE) (UCLA Institute for Digital 
Research and Education, 2017a) was used to impute values where ethnicity 
(White/non-White) was missing (20.1%). The distribution of ethnicity by age, sex 
and region was assessed to check the missing at random (MAR) assumption.  
To further explore the relationship between age and sex in this cohort, a fractional 
polynomial prediction plot was fitted to detect the best functional form for age (as a 
continuous variable) and sex by HUS. A likelihood ratio test was performed to test 
whether the fractional polynomial model provided a better fit in comparison to the 
linear model.  
To determine whether there were differences in progression to HUS by SECs for 
children who travelled abroad during their incubation period compared to those who 
did not, the main analysis was repeated excluding travel-related cases.  
Finally, to explore the impact of ethnicity, due to the 20.1% of records which were of 
unknown ethnicity, a multivariable logistic regression model was fitted with all 
covariates excluding ethnicity. To further explore potential issues of multicollinearity 
between IMD and ethnicity a post-hoc matched analysis on ethnicity using 
conditional logistic regression and penalised logistic regression on the multiply 




imputed dataset were conducted. The post-hoc matched analysis was conducted on a 
smaller number of variables in order to provide the simplest but most complete 
model possible.  
7.4 Results – Social patterning of clinical outcomes, healthcare contact 
and risk factors for STEC 
Characteristics of participants 
A total of 4115 primary, symptomatic cases of STEC in England were recorded in 
NESSS between 1st January 2010 and 31st December 2015. Of these, it was not 
possible to ascertain the IMD for 143 cases due to invalid or incomplete postcode 
information. Therefore, 3,972 cases of STEC were included in this analysis (Table 
7.1 and 7.2). Information on exposure to risk factors was available for 2,961 non-
travel cases. Ethnicity was missing for 19.1% of cases (n=759); ethnicity was 
imputed for these cases for the main analysis. 
Overall crude incidence was significantly lower among the most disadvantaged 
compared to the least disadvantaged (Table 7.1); this pattern was also reflected in the 
age- and sex-adjusted incidence rates for those over 5 years of age but, the 0-4 age 
group showed the opposite pattern, although the observed IRRs were not statistically 
significant for any age-group.  
Table 7.1: Incidence rate ratio for exposed (most disadvantaged) compared to 













Overall 0.97 1.49 -0.51 0.65 0.50-0.84 
Female 1.00 1.65 -0.66 0.61 0.42-0.86 
Male 0.95 1.32 -0.37 0.71 0.48-1.06 
0-4 3.84 3.25 0.59 1.17 0.63-2.14 
5-9 1.89 2.57 -0.68 0.78 0.33-1.79 
10-15 1.04 2.25 -1.21 0.48 0.18-1.17 
16-19 0.89 2.27 -1.38 0.42 0.12-1.27 
20-59 0.76 0.96 -0.20 0.79 0.51-1.19 
60+ 0.54 1.65 -1.10 0.34 0.16-0.66 
 
Table 7.2 shows the study population stratified by IMD quintile. This shows that 
when case numbers rather than incidence rates are used, there is a similar social 
gradient in that the population burden and the individual risk are both higher in more 




affluent areas and therefore justifies the use of case numbers in the analysis. There 
were more cases from the least disadvantaged quintile and fewer cases from the most 
disadvantaged quintile in comparison to the distribution of approximately 20% in 
each quintile within the general population.  
A higher proportion of those in the most disadvantaged quintile were infected with 
stx2 only, associated with more severe disease and progression to HUS, and a lower 
proportion of those in the most disadvantaged quintile were infected with stx1+2. 
Vomiting, diarrhoea, stx gene and healthcare contact variables (GP, A&E and 
hospitalisation) were independently associated with SES. Water and environmental 
exposures, as well as travel within and outside of the UK were also independently 
associated with SES. 
  

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In univariate analysis, those who were more disadvantaged were less likely to be 
associated with an outbreak, more likely to report vomiting, visit A&E and be 
hospitalised, but less likely to visit their GP or have a travel-associated infection 
(Table 7.3).  
In multivariable analysis accounting for age, sex, ethnicity, rurality and potential 
severity (defined by stx gene), those who were more disadvantaged were more likely 
to report vomiting (OR 1.61, p<0.001). They were also more likely to visit A&E or 
be hospitalised for their illness (OR 1.35, p=0.02; OR 1.71, p<0.001 respectively), 
but less likely to visit their GP (OR 0.67, p<0.01). Those who were more 
disadvantaged were also less likely to have reported foreign travel (OR 0.57, 
p<0.001, Table 7.4).  
For indigenously-acquired STEC cases, those who were more disadvantaged were 
significantly less likely to report exposure to; fish/shellfish; salad, fruit, vegetables or 
herbs; recreational freshwater; walking in a paddock; taking a day trip; contact with 
soil or; travel within the UK. There were no significant differences identified 
between the most compared to the least disadvantaged for food exposures, nor for 
commonly cited reasons for differential STEC infection by SES such as eating out, 
animal contact or visiting a farm (Table 7.5).  
  




Table 7.3: Univariate and multivariable regression analysis – clinical outcomes 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.4: Univariate and multivariable regression analysis – foreign travel as a 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Multiple sensitivity analyses were conducted to assess the robustness of the findings; 
in particular to explore the social patterning of clinical outcomes and healthcare 
contact excluding foreign travel associated cases (Table 7.6); to explore potential 
impact of excluding outbreak cases on the social patterning of clinical outcomes, 
healthcare contact (Table 7.7) and exposure to known risk factors for sporadic and 
non-travel associated cases (Table 7.8); and to explore potential differences when 
investigating the association in children only (Tables 7.9 and 7.10). 
These analyses in the main did not alter the overall findings of this research (Tables 
7.3-7.5); namely that there are differences in healthcare contact by SES, when 
controlling for age, sex, ethnicity, rurality and severity; that commonly cited 
explanations for differences in STEC infection by SES, namely eating out and 
visiting farms, were not reported significantly differently by SES.  Other exposures 
such as foreign travel, water exposures, walking in a paddock, contact with soil and 
day trips and travel within the UK were less likely to be reported by more 
disadvantaged STEC cases.  
Sensitivity analysis performed on clinical outcomes and healthcare contact for non-
foreign travel related cases (indigenous cases) suggested that those who were more 
disadvantaged were significantly less likely to be associated with an outbreak or visit 
their GP but significantly more likely to report vomiting, visit A&E or be 
hospitalised (Table 7.6).   
Sensitivity analysis performed on sporadic (non-outbreak) cases echoed the main 
findings for both clinical outcomes and healthcare contact as well as reported risk 
factors. Disadvantaged individuals with a sporadic infection were almost twice as 
likely to report hospitalisation as the least disadvantaged (Table 7.7).  
Restricting the analysis to children aged less than 16 years did yield different results 
(Table 7.9); contact with a GP and visiting A&E were no longer statistically 
significant. Difference in reporting of foreign travel (Table 7.10) and salad, fruit, 
vegetables or herbs (Table 7.11) were also no longer statistically significant.  
 




Table 7.6: Univariate and multivariable regression analysis – clinical outcomes 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.7: Univariate and multivariable regression analysis – clinical outcomes 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.8: Univariate and multivariable regression analysis – risk factors for non-















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.9: Univariate and multivariable regression analysis – clinical outcomes 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.10: Univariate and multivariable regression analysis – foreign travel as a 


















































































































































































































































































































Table 7.11: Univariate and multivariable regression analysis – risk factors for 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7.5 Results – socio-demographic risk factors in development of HUS 
Characteristics of participants 
A total of 1059 paediatric STEC cases were included in the study. Table 7.12 shows 
the population stratified by IMD quintile. Of the 1059 paediatric STEC cases 
included in the study, 207 (19.5%) developed HUS as recorded by the BPSU study 
and/or via the ESQ. In the least disadvantaged quintile the progression of STEC 
cases to HUS was 19.2% (47/245) compared with 15.3% (29/189) in the most 
disadvantaged quintile although this difference was non-significant (p=0.27). 
Progression to HUS varied by age and gender (Table 7.12, Figure 7.1). A higher 
proportion of progression to HUS was observed in girls aged less than 1 year 
compared to boys of the same age (14.3% compared to 4.8%) but this was non-
significant, and amongst girls aged 10-15 years compared to boys of the same age 
(19.3% compared to 7.1%); a statistically significant difference (p=0.01). The 
highest proportion of progression was observed in girls aged 1-4 years (26.0%). 
Vomiting and stx gene were independently associated with SES.  
There was no difference in missing ethnicity by sex, however there were some 
differences by age group (57.3% of missing ethnicity in 1-4 age group; n=114/199) 
and region (31.2% of missing ethnicity in London; n=62/199); these were not 
regarded as problematic as, given the observed data for other variables, the missing 
data are considered independent 
  
  














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 7.1: Proportions of STEC cases progressing to HUS by age and gender 
(n=1,059) 
 
STEC – Shiga toxin-producing Escherichia coli; HUS – haemolytic uraemic syndrome 
 
Overall crude incidence was lower among the most disadvantaged compared to the 
least disadvantaged (Table 7.13); this pattern was also reflected in the age- and sex-
adjusted incidence rates although the incidence rate ratios were non-significant.  
Table 7.13: Incidence rate ratio for exposed (most disadvantaged) compared to 













Overall 0.41 0.86 -0.45 0.48 0.21-1.08 
Female 0.48 1.03 -0.55 0.46 0.16-1.36 
Male 0.34 0.69 -0.35 0.50 0.14-1.75 
0-4 0.77 1.53 -0.76 0.50 0.18-1.38 
5-9 0.32 0.68 -0.36 0.48 0.09-2.40 
10-14 0.05 0.42 -0.37 0.12 0.00-4.25 
NB: population data only available by IMD, age and gender for age groups up to 14 years of age  
 
 


















For the purposes of statistical analysis we excluded cases identified via serological 
testing only (n=66) or for whom no microbiological information was available (n=4); 
989 STEC cases remained, of which 144 (15%) developed HUS. Ethnicity was 
missing for 20.1% of cases (n=199); ethnicity was imputed for these cases.  
In univariate regression, age group, travel, stx2 only, antibiotics, diarrhoea, bloody 
diarrhoea, nausea, vomiting and fever were associated with higher odds of 
development of HUS. 
In the fully adjusted model (Table 7.14), the most disadvantaged children had (non-
significantly) lower odds of progression to HUS compared to the least disadvantaged 
children (OR 0.57, 95% CI 0.25-1.31).  This analysis also identified significantly 
lower odds amongst <1, 5-9 and 10-15 year olds compared to 1-4 year olds (OR 
0.21, 95% CI 0.05-0.82; OR 0.43, 95% CI 0.25-0.74; and OR 0.20, 95% CI 0.09-
0.43 respectively) and significantly higher odds amongst those infected with stx2-
only (OR 5.92, 95% CI 2.49-14.10), prescribed antibiotics (OR 8.46, 95%  CI 4.71-
15.18) and among those who had experienced bloody diarrhoea (OR 3.56, 95% CI 
2.04-6.24) or vomiting (OR 4.47, 95% CI 2.62-7.63). There were no significant 
interactions identified.  
  
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Multiple sensitivity analyses were conducted to assess the robustness of the findings; 
in particular to explore the age and sex differences and assess the potential 
collinearity between IMD and ethnicity. These analyses did not alter the overall 
conclusions of this research; namely there was no significant difference in odds of 
progression to HUS by SEC.  
As no significant interaction was observed between age and sex in the main analysis 
(Table 7.14) despite the observed differences in HUS progression in descriptive 
analysis (Table 7.12), fractional polynomial prediction plots were fitted to explore 
this relationship further (Figure 7.2). The fractional polynomial prediction plots by 
age and sex show no evidence for non-linearity and a likelihood ratio test performed 
on the HUS cases suggested that the fractional polynomial model was not an 
improvement on the linear model (p=0.19) which further supports the absence of 
evidence for a non-linear distribution.  
Sensitivity analyses excluding children thought to have acquired their infection 
through travel to foreign countries (Table 7.15) did not differ from the primary 
analysis, suggesting that travel outside of the UK is not a significant factor in HUS 
development in the paediatric STEC population.  
Sensitivity analyses excluding the ethnicity variable due to the high level of missing 
data found significantly lower odds of progression to HUS amongst the most 
disadvantaged children compared to the least disadvantaged children  (Table 7.16; 
OR 0.37, 95% CI 0.17-0.79).  To test whether this was due to collinearity between 
IMD and ethnicity, a post-hoc matched analysis on ethnicity was performed (Table 
7.17). This analysis produced similar results to the main model suggesting that this 
was not problematic for the main analysis. For further reassurance, a penalised 
logistic regression was performed on the multiply imputed dataset (Table 7.18). This 
analysis also produced similar results to the main model, again suggesting that 
collinearity was not an issue in this analysis.  
  















Table 7.15: Univariate and multivariable regression analysis - Sensitivity analysis 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.16: Univariate and multivariable regression analysis - Sensitivity analysis 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7.17: Comparison between logistic regression model and post-hoc matched 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7.6 Discussion – Social patterning of clinical outcomes, healthcare contact 
and risk factors for STEC 
In this cross-sectional observational analysis of STEC cases reported to NESSS over 
a six-year period, the social patterning of risk factors for STEC infection using IMD 
as an area-level measure of SES was explored.  
Crude incidence of STEC was significantly lower in the most disadvantaged 
compared to the least disadvantaged. This also echoes the findings from Chapter 5, 
which suggested that the incidence of IID in the community was lower in the most 
disadvantaged group. Descriptive analysis suggested a higher proportion of those in 
the most disadvantaged quintile being infected with stx2, associated with more 
severe disease and progression to HUS, however the relationship between SES and 
reporting of HUS and symptoms was not significant. There were differences in 
healthcare contact by SES, with lower odds of reporting contact with GP and higher 
odds of reporting visiting A&E or being hospitalised amongst the most 
disadvantaged group. There were also differences in exposure to known risk factors 
by SES; with lower odds of reporting exposure to salad, fruit, vegetables or herbs; 
recreational freshwater; walking in a paddock; day trips; contact with soil; UK travel 
and; foreign travel amongst the most disadvantaged group. Lower odds of reported 
exposure to fish/shellfish were also identified; although this is asked about in the 
ESQ it is not widely regarded as a risk factor for STEC and likely to reflects 
population- level exposure. 
As this is an observational study it is not possible to determine causation. Therefore 
the associations presented here need to be interpreted with caution. Furthermore, 
without accurate population-level comparators for social patterning of the risk factors 
included within this study, it is possible that the differences detected may reflect the 
patterning of these risk factors in the general population. As exposure to a private 
water supply is relatively rare, despite it being a known STEC risk factor, it was not 
possible to perform a multivariable analysis for this due to very small numbers in 
some covariates. Finally, the lack of significant findings for risk factors in children 
aged less than 16 years is likely to be due to low study power.  
Despite this, this is a novel analysis of data collected through a country-wide, 
representative surveillance system to explore the social patterning of risk factors 




amongst STEC cases in England. This study captures extensive risk factor and 
exposure data in a well-characterised STEC population. To the best of my 
knowledge, following a review of the literature and discussion with national experts, 
this is the first study to explore the social patterning of risk factors for STEC in 
England. Infection with STEC is rare but potentially very serious infection and, 
particularly in children and the elderly, is likely to result in interaction with 
healthcare services. It is therefore likely that NESSS captures data on a high 
proportion of STEC cases in England and hence this study is likely to be 
representative of STEC cases nationally.  
Most disadvantaged individuals had a lower crude incidence rate of STEC infection 
compared to least disadvantaged and this was consistent for men and women as well 
as all age groups with the exception of those aged 0-4 years who had a non-
significant difference in incidence rate ratio. This finding has also been seen in other 
studies. Chang et al. (2009) and Jalava et al. (2011) found lower incidence in 
communities with lower education levels and hypothesise that this could relate to 
poorer food safety practices and differential food consumption habits among more 
highly educated individuals.  Jalava et al. (2011) also identified increased incidence 
associated with the proportion of low income households with children and suggest 
this could relate to transmission of infection, suggesting that the relationship between 
SES and GI infections across the life course is important. A study by Sakuma et al. 
(2006) found that areas with lower average income were positively associated with 
STEC infection although this was an ecological study, and studies by Simonsen et al. 
(2008) and Pearl et al. (2009) found no significant difference although Simonsen et 
al. (2008) suggest this was an artefact of small numbers in their study.  
In other studies which found lower risk amongst disadvantaged individuals for other 
GI pathogens researchers have hypothesised that higher risk of GI infections in 
individuals of higher socioeconomic status could relate to; differential exposure such 
as consumption of higher risk food amongst those of a higher SES (Patil et al., 2005, 
Simonsen et al., 2008, Tarr et al., 2005, Taylor, 2012, Whitney et al., 2015, Younus 
et al., 2007); more foreign travel; greater exposure to farm animals or the rural 
environment; or it could be related to differential healthcare interaction (Simonsen et 
al., 2008, Younus et al., 2007).  




In our study, the most disadvantaged individuals were less likely to visit their GP but 
more likely to visit A&E and be hospitalised compared to the least disadvantaged. 
Despite limited research on healthcare interaction for GI infections, there is some 
evidence to suggest that, for general ill-health, disadvantaged individuals are 
generally more likely to interact with all three of these healthcare services; however 
more advantaged individuals are also more likely to seek care at an earlier stage of 
disease progression  (Cookson et al., 2016). There is also evidence to suggest that, 
amongst individuals with GI infections, those who are more disadvantaged are more 
likely to be hospitalised (Olowokure et al., 1999, Rose, 2017). The discrepancy at the 
GP level could suggest that accessing GP care varies by type of illness and SES. It 
could suggest differences in healthcare interaction amongst disadvantaged STEC 
cases in terms of interaction with or to access to healthcare services or potentially 
recognition of symptoms and seeking care at a more advanced stage of illness, as 
observed for general ill health (Cookson et al., 2016). Further studies would be 
required to robustly assess these hypotheses.   
One study was identified which explored the social patterning of a limited number of 
risk factors for STEC (consumption of hamburgers, type of water available for 
consumption, recreational water exposure and personal hygiene) in Argentina 
(Bentancor et al., 2012). The study looked at young school children but did not 
assess STEC infection within this study population and risk factors in Argentina may 
differ from those in the UK.  This study identified significantly higher consumption 
of hamburgers in higher socioeconomic groups but no significant difference in 
consumption of drinking water or exposure to recreational water was identified. Of 
interest, there was a significant difference in hand hygiene by SES, with children 
from low socioeconomic groups washing their hands more frequently compared to 
those from other socioeconomic groups and a higher proportion of children from low 
socioeconomic who reported washing their hands before eating compared to other 
socioeconomic groups.   
It is possible that the pattern of lower odds of reporting foreign travel amongst more 
disadvantaged groups reflects a population- level pattern however travel is a known 
risk factor for STEC infection (Byrne et al., 2015, Parry et al., 1998); therefore lower 
exposure to this risk factor may confer a lower risk of STEC infection. There is also 
evidence to suggest that perceptions of attractiveness and safety of local walking 




environments may differ by SES, with those in more disadvantaged areas perceiving 
that their local walking environment is less attractive and less safe compared to those 
in less disadvantaged areas (The Ramblers' Association, 2010); this could partly 
explain the lower odds of reporting exposure to walking in a paddock or contact with 
soil in the more disadvantaged group. A rural-urban difference was also noted 
between quintiles in our study which may explain the differential exposure. Studies 
finding a higher risk of STEC infection and HUS development amongst the least 
disadvantaged individuals cite likely reasons for this finding as related to differential 
exposures through consumption of higher risk food amongst those of a higher SES 
(Patil et al., 2005, Simonsen et al., 2008, Tarr et al., 2005, Taylor, 2012, Whitney et 
al., 2015, Younus et al., 2007); more foreign travel; greater exposure to farm animals 
or the rural environment; or differential healthcare interaction (Simonsen et al., 2008, 
Younus et al., 2007). In this study there was evidence for differences in foreign 
travel, rural environmental exposures and in healthcare contact which would support 
these assertions. There was no evidence to suggest differences in consumption of 
known foodborne risk factors or greater exposure to animals. None of the standard 
risk factors cited to explain differences in risk by SES were more common in the 
more disadvantaged group. This potentially suggests that difference risk factors, such 
as person-to-person spread may be more important in disadvantaged groups; a 
suggestion that has also been postulated by others (Newman et al., 2015). This 
hypothesis warrants further investigation in future studies. 
There is some evidence to suggest that risk factors for STEC are socially patterned, 
with lower odds of reported exposure to certain known risk factors such as foreign 
travel and walking in a paddock, but there was no evidence of a relationship between 
SES and eating out or visiting farms which are often suggested as a possible 
explanation for differential STEC or GI infection by SES. This could suggest that 
certain population groups may be more likely to be exposed to risk factors for STEC 
and which may, in part, explain the distribution of STEC cases by socioeconomic 
status. 
Further research is required to assess the validity of the associations identified in this 
study to improve our understanding of populations at increased risk of STEC 
infection and the mechanisms driving inequalities in risk in order to more effectively 
address these.   




7.7 Discussion – socio-demographic risk factors in development of HUS 
This is a novel data linkage and analysis of two previously collected datasets to 
explore the role of socioeconomic and socio-demographic inequalities in the 
development of HUS following STEC infection. This study captures the progression 
of HUS in a well-characterised paediatric STEC population. To the best of my 
knowledge, following a review of the literature and discussion with national experts, 
this is the first study to explore the relationship between childhood SEC and 
progression to HUS in England and is one of the largest cohorts of HUS cases to be 
explored. Infection with STEC is potentially very serious and is likely to result in 
interaction with healthcare services, particularly in children as it is the most common 
cause of renal failure in children in the UK (Lynn et al., 2005). The BPSU HUS 
study was an active surveillance system and it is therefore expected that this cohort 
captured a high proportion of paediatric HUS in England during the study period. 
Furthermore, the linkage of the STEC and HUS datasets ensures high ascertainment 
of HUS cases. The results of this study are likely to be generalisable to other high-
income countries.  
In this retrospective cohort study examining progression to HUS among paediatric 
STEC cases, the relationship between childhood SEC and other socio-demographic 
factors and progression to HUS was investigated using IMD as an area-level measure 
of SEC. Given the compelling evidence that the risk and consequences of GI 
infection is higher for more disadvantaged children identified in Chapter 4 (Study 1) 
and other studies (Olowokure et al., 1999, Phillips et al., 2011, Pockett et al., 2011, 
Rose et al., 2017) – the finding in our study suggests that SES is unlikely to be a 
contributor for HUS. Despite the association between SEC and HUS development 
not reaching significance, the point estimates and much of the confidence intervals 
fall into a region considered sufficient to represent a clinically important difference 
and therefore reject the null hypothesis. This finding requires confirmation in larger 
cohorts.  
Sensitivity analysis excluding ethnicity suggested significantly lower odds of 
progression to HUS among more disadvantaged children. This indicated that 
ethnicity may be intrinsically linked with IMD, which has been suggested previously 
(Jivraj and Khan, 2013). Sensitivity analyses using a post-hoc matched analysis on 
ethnicity and penalised logistic regression suggested that potential collinearity 




between these two variables was not enough to alter the results of the main analysis. 
There were differences identified by ethnicity, with non-White ethnic groups having 
significantly lower odds of progression to HUS; further research is required to assess 
this relationship and improved collection of ethnicity in ESQs would be beneficial to 
this assessment.  
This study has several strengths. Multivariable logistic regression explored the 
relationship between progression to HUS following STEC infection and childhood 
SEC. Despite a high proportion of missing ethnicity data, we were able to use 
multiple imputation to impute values where data were missing for this variable and 
demonstrate that this did not significantly alter the results. We were able to include a 
number of potentially confounding variables, such as travel to adjust for potential 
confounding caused by travel-associated strains of STEC tending to be milder 
compared to indigenous strains. The characteristics of paediatric STEC cases by 
IMD were broadly comparable to the population distribution. Amongst HUS cases, a 
much lower proportion of these cases were in the most disadvantaged quintiles. The 
BPSU HUS study from which the HUS cohort data were derived is an active 
surveillance system and is therefore likely to have high ascertainment; as such it is 
also unlikely that differential ascertainment of HUS cases or an unrepresentative 
population explains our results. 
It is possible that there is residual confounding that could not be controlled for and 
which might explain the lack of a significant relationship between progression to 
HUS and SEC, such as intrinsic characteristics which may increase differential 
vulnerability or susceptibility by SEC such as genetic predisposition, co-morbidities, 
and clinical or treatment characteristics. Further, an area-level measure of SEC was 
used which uses postcode to assign SECs to study participants. It is possible that the 
use of an area-level measure is not sensitive enough to detect socioeconomic 
inequalities, particularly if individual factors rather than area-level factors have more 
influence over risk of acquiring more severe strains of STEC which would increase 
risk of progression to HUS. Person-to-person spread is an important risk factor for 
GI infections and therefore community or area-level risk would be a factor in 
considering individual risk.  Excluding individuals with a serological result from the 
analysis is a potential bias which could lead to an underestimate of HUS incidence 
although this is unlikely to affect SES distribution. Finally, it was not always 




possible to determine whether antibiotics had been prescribed during treatment for 
STEC infection or following a diagnosis of HUS therefore this finding should be 
interpreted with caution. 
Previous studies have found that HUS is associated with lower deprivation (Rowe et 
al., 1991, Whitney et al., 2015). The analysis by Rowe et al. (1991) was similar to 
this study but included all HUS cases <16 years regardless of their association with 
STEC and used area-level income as a measure of SEC. The analysis by Whitney et 
al. (2015) presented age-adjusted HUS incidence but on a small number of HUS 
cases (n=49).  The authors of both studies suggest that the finding of higher risk HUS 
in children of higher socioeconomic status could relate to differential exposure such 
as; consumption of higher risk food amongst those of a higher SES; more foreign 
travel; greater exposure to farm animals or the rural environment; or differential 
healthcare interaction.  Cleary and Lopez (1989), in a study exploring the major 
questions relating to STEC and HUS, suggest that infection earlier in life in more 
disadvantaged children might allow for the development of immunity prior to the age 
of peak risk of severe illness; differential immunity across the life course has been 
suggested as a potential explanation for differential susceptibility by others (Karmali, 
1989).  
Studies finding no association between SEC and risk of HUS suggest that this could 
be related to; differential ascertainment of HUS cases (Bell et al., 1997); potentially 
unrepresentative populations; or the inability of area-level SEC to detect individual 
factors contributing to risk (Tarr and Hickman, 1987) in these studies – factors which 
are not likely to be an issue in this study. 
Previous studies in England have suggested that children aged 1-4 years, women and 
white ethnic groups have the highest incidence of STEC infection (Adams et al., 
2016b, Byrne et al., 2015). Higher progression to HUS in children (particularly aged 
1-4), women (particularly aged over 10 years) and in those of White ethnicity has 
also been reported (Bell, 1997, Byrne et al., 2015, Kinney et al., 1988, Launders et 
al., 2016, Milford et al., 1990, Rogers et al., 1986, Tarr and Hickman, 1987). This 
study, despite the inevitable changes in strains and exposures during the intervening 
time period, echoes the findings of by Milford et al (Milford et al., 1990), conducted 
in Britain, which demonstrated higher progression to HUS amongst children aged 1-




4 years. No difference in risk of HUS by sex was identified in this study, a finding 
echoed in several other studies (Bell et al., 1997, Cimolai et al., 1994, Rowe et al., 
1998, Tserenpuntsag et al., 2005); this is an area of disagreement in the literature 
with several studies finding higher risk amongst women (Chang et al., 2004, Gould 
et al., 2009, Rowe et al., 1991) although two of these studies finding higher risk in 
women did not look specifically among children (Chang et al., 2004, Gould et al., 
2009). In this study, differences by age and sex were observed, with a greater 
proportion of progression to HUS amongst girls less than 1 year of age and 10-15 
years of age compared to boys of the same age groups (Figure 7.1), although no 
interaction between age and sex could be identified. The reasons for the differential 
risk by age, and the discrepant findings by sex, are currently unclear and there is a 
need to understand differences in risks and exposures between these groups in order 
to better understand the mechanisms leading to socioeconomic inequalities and 
identify links in the causal chain which can be addressed more effectively.  
The finding of 15% of STEC cases progressing to HUS is higher than previous 
studies, which have estimated the proportion of cases of STEC O157 progressing to 
HUS to be 5.2% in England (Launders et al., 2016) and 9% in Scotland (Locking et 
al., 2011) however these estimates were for all ages combined. A recent systematic 
review suggested the proportion of STEC cases progressing to HUS, as identified via 
cohort studies,  was 7.8% (Fischer Walker et al., 2012). This study presents the 
proportion of paediatric STEC cases of any serotype progressing to HUS which 
provides a more specific estimate.  
Whilst rurality has been documented to be an important factor in risk of STEC in the 
literature (Byrne et al., 2015, Chang et al., 2009), the findings of this study suggest 
that rurality is not a significant driver of progression to HUS.  
There is some evidence from this study and others to suggest the existence of a 
relationship between STEC, HUS and SES, with lower SEC associated with non-
significant lower risk of developing HUS. There were also demographic differences 
by age, gender and ethnicity. This could suggest increased risk of exposure or 
vulnerability to more severe strains of STEC which confers a greater risk of 
developing HUS.  




Further research is required to confirm the relationship between SEC and HUS in 
larger cohorts. Further research is also required to elucidate the populations at risk of 
STEC infection and HUS in terms of deprivation, ethnicity, age and sex, in order to 
better understand whether there are real differences in risk or whether the skew 
towards less disadvantaged groups is an artefact. These results contribute to the 
evidence on inequalities in the risk of and vulnerability to GI infections. Alongside 
future planned analyses, this could ultimately be used to provide further evidence to 
inform policies to address inequalities in risk, vulnerability and consequences of GI 
infections.  
7.8 Interpretation  
In this chapter I have demonstrated evidence to suggest that there is differential 
healthcare contact and risk factors by SES, with disadvantaged individuals more 
likely to present at hospital and less likely to present at their GP and lower exposure 
to environmental risk factors, including travel abroad. I have also demonstrated 
differential risk of HUS among paediatric STEC cases in England, with lower risk of 
HUS amongst the most disadvantaged children. Despite compelling evidence to 
suggest a relationship between GI infections and SES such as higher rates of 
hospitalisation and increased severity with low SES (Baker et al., 2012, Olowokure 
et al., 1999, Phillips et al., 2011, Pockett et al., 2011, Rose et al., 2017) and STEC 
being the most severe indigenous IID in the UK, neither STEC infection nor 
progression to HUS are contributors to the increased severe IID risk in lower SES. 
Further, STEC, despite being more common in children, does not have the same SES 
profile as found for children with GI infections generally. 
The finding of differential healthcare contact by SES, with more disadvantaged 
individuals being more likely to present to hospital and less likely to present at their 
GP independently of severity, could reflect differential healthcare seeking behaviour. 
This could go some way to explaining the bias towards higher risk in less 
disadvantaged individuals if this group is more likely to present to their GP and 
therefore have a sample taken. It has been hypothesised throughout that children are 
likely to be presented at healthcare services regardless of deprivation, and therefore 
that patterns identified in this age group is likely to reflect true patterns regardless of 
differential healthcare seeking behaviour; disadvantaged children were significantly 
more likely to report hospitalisation compared to the least disadvantaged children 




suggesting that there could be a genuine increased risk of hospitalisation among the 
most disadvantaged.  
The finding of differential reporting of exposure to known risk factors for STEC such 
as lower reporting of foreign travel and some environmental risk factors could 
suggest that those who are less disadvantaged are therefore at lower risk of STEC 
infection. It is of note that oft cited reasons for the social patterning of STEC 
infections such as lower levels of eating out; animal contact: and visiting farms 
amongst more disadvantaged individuals were not significant in this analysis. 
Furthermore, given the social patterning of risk factors identified, the finding of 
lower risk of HUS in the most disadvantaged could reflect lower likelihood of 






















8.1 Introduction  
The overall aim of this thesis is to investigate the existence, extent and nature of 
socioeconomic inequalities in risk of GI infections in the UK.  The review of the 
literature (Chapter 2) revealed significant gaps in the knowledge on the risk of GI 
infections in high income countries, particularly with regard to explanations for the 
observed findings which included artefact explanations as a result of methodological 
and measurement of GI infections and SES, as well as hypothesised differential 
exposure to GI infections and differential healthcare interactions.   
The objectives of my thesis were:  
1. To conduct a systematic review of existing evidence of socioeconomic 
inequalities in risk of GI infections in high income countries. 
2. To investigate the extent and nature of socioeconomic inequalities in risk of 
GI infections in the community in the UK, with estimates derived from the 
most up-to-date population-based household survey. 
3. To analyse the extent of, and mechanisms underlying, socioeconomic 
inequalities in risk of GI infections in the community, with estimates derived 
from routine data on members of the public seeking telephone-based 
healthcare advice in England. 
4. To explore the social patterning of clinical outcomes, healthcare contact and 
risk factors for a laboratory-confirmed, potentially severe, GI infection 
(STEC) and socio-demographic inequalities in risk of development of a 
serious sequela (HUS) in England. 
5. To draw out policy implications and recommendations for further research 
into the role of socioeconomic inequalities in GI infections.  
In this chapter I first summarise the key findings of my work with respect to the 
objectives of this thesis. I describe the contribution of each empirical study to the 
existing literature in four main areas: evidence for an association between SES and 
GI infections; evidence for a differential association between SES and GI infections 
across the life course; evidence for differential healthcare contact by SES and; 
evidence for differential exposures for GI infections by SES. I will then describe the 
strengths and limitations of the studies in this thesis. Finally, I present the 
conclusions of this thesis, reflect on the policy implications of the findings, offer 




some recommendations for further research including work that is on-going and 
reflect on the PhD experience.   
8.2 Key findings  
This is the first comprehensive analysis of multiple data sources in order to improve 
our understanding of the role of socioeconomic inequalities in the risk of GI 
infections in the UK. The main findings with respect to each study are summarised 
below, followed by a more detailed discussion of each key finding. Objective 5, to 
draw out policy implications and recommendations for further research into the role 
of socioeconomic inequalities in GI infections, will be addressed throughout the 
subsequent sections of this chapter. 
Objective 1: To conduct a systematic review of existing evidence of socioeconomic 
inequalities in risk of GI infections in high income countries 
Study 1 (Chapter 4) addressed the first objective of this thesis through a systematic 
review and meta-analysis of studies conducted in high income countries. In total, 102 
studies were included in the review of which 77 were included in the meta-analysis.  
Disadvantaged children, in comparison to their more advantaged counterparts are at 
higher risk of GI infection.  
Clear social patterning of risk of GI infection in children was evident in the harvest 
plots, with studies reporting higher risk of GI infection in disadvantaged children or 
no association between GI infection risk and SES. Disadvantaged children had 1.5 
times the risk of GI infection compared to advantaged children. It is possible that this 
reflects differential exposures by SES in children. It is also possible that this reflects 
differential immunity by SES which has been reported for GI infections by other 
studies. This will be discussed in more detail later in this chapter.  
There was no difference in risk for disadvantaged compared to advantaged adults. 
For adults, the pattern illustrated in the harvest plots was not as distinct although 
most studies demonstrated lower risk of GI infection in disadvantaged adults or no 
association. There was no significant difference in overall risk of GI infections in 
disadvantaged compared to advantaged individuals for all ages combined (RR 1.06, 
95% CI 0.95–1.19) or disadvantaged compared to advantaged adults (RR 0.83, 95% 




CI 0.61–1.14). Study 1 highlighted the importance of exploring GI infections across 
the life course in subsequent analyses when considering the role of socioeconomic 
inequalities and the importance of exploring the role of inequalities in cases of GI 
infections in children specifically. 
Objective 2: To investigate the extent and nature of socioeconomic inequalities in 
risk of GI infections in the community in the UK, with estimates derived from the 
most up-to-date population-based household survey 
Study 2 (Chapter 5) addressed the second objective of this thesis through the analysis 
of a large prospective community cohort in the UK using self-reported GI symptoms 
and an individual- level measure of SES using occupation. Response rate for this 
study was low, and individuals of lower SES were underrepresented which is likely 
to have influenced the results. 
In the UK, the incidence of GI infections is significantly lower in disadvantaged than 
in advantaged individuals in the community.  
Study 2 was conducted in order to assess the role of socioeconomic inequalities in 
the community not necessarily accessing healthcare. Incidence of GI infections was 
significantly lower in the most disadvantaged individuals (166 per 1,000 person-
years) compared to the least disadvantaged individuals (235 per 1,000 person-years). 
This finding was consistent when using the area-level measure of SES as well as the 
individual- level measure. As previously mentioned, the response rate for this study 
was low and disadvantaged individuals were underrepresented so the risk of GI 
infections in disadvantaged groups is likely to be underestimated.  
There was a significantly lower hazard ratio of GI infections for disadvantaged 
compared to advantaged individuals. 
In Study 2, disadvantaged individuals had significantly lower risk of GI infection 
compared to advantaged individuals (HR 0.75, 95% CI 0.61-0.91). When stratified 
by age, this finding was consistent amongst adults but there was no significant 
difference in risk of GI infection amongst disadvantaged children compared to 
advantaged children. For the main analysis in Study 2, an individual-level measure of 
SES was used however when the study was repeated using an area-level measure of 
SES there was no significant difference in risk for disadvantaged compared to 




advantaged individuals. The findings of this study may reflect the low and 
differential response rate described above although it could also reflect differential 
exposure or symptom recognition by SES. 
Objective 3: To analyse the extent of, and mechanisms underlying, socioeconomic 
inequalities in risk of GI infections in the community, with estimates derived from 
routine data on members of the public seeking telephone-based healthcare advice 
in England 
Study 3 (Chapter 6) addressed the third objective of this thesis through an analysis of 
over 24 million calls to the NHS telephone-based healthcare advice helplines; NHS 
Direct and NHS 111 between 2010 and 2015.   
In England, rate of calls was significantly higher in the most disadvantaged areas 
compared to the least disadvantaged areas. 
In NHS Direct, the rate of calls for both GI and non-GI symptoms was higher in the 
most disadvantaged areas compared to the least disadvantaged areas (IRR 1.07, 95% 
CI 1.05-1.08 and IRR 1.20, 95% CI 1.19-1.20 respectively). In NHS 111, the effect 
of deprivation was more pronounced for GI calls rates, with significantly higher rates 
in the most disadvantaged areas compared to the least disadvantaged areas (IRR 
1.50, 95% CI 1.49-1.52) and was lower for non-GI calls although still significantly 
higher in the most disadvantaged areas (IRR 1.06, 95% CI 1.05-1.06).  
The rate of calls in the most disadvantaged compared to the least disadvantaged 
areas varied across the life course for GI and non-GI calls.  
In NHS Direct, the rate of GI and non-GI calls referring to disadvantaged children 
aged 0-4 was significantly lower than the rate of calls referring to less disadvantaged 
children (IRR 0.79, 95% CI 0.78-0.81 and IRR 0.77, 95% CI 0.76-0.77 respectively). 
For callers aged 15 and over, there was a significantly higher rate of GI calls and 
non-GI calls to NHS Direct in the most disadvantaged areas. 
In NHS 111, the rate of GI calls referring to disadvantaged children and adults was 
significantly higher than the rate of calls referring to less disadvantaged children. 
This was not observed for non-GI calls in children aged under 15 for which rates 
were significantly lower in the most disadvantaged compared to the least 




disadvantaged children. For adults less than 60 years of age, rates of non-GI calls 
were significantly higher in the most disadvantaged areas. 
People from more disadvantaged areas had a higher risk of calling for GI symptoms 
compared to people from less disadvantaged areas and this varied across the life 
course. 
In agreement with Study 1 (Chapter 4), Study 3 (Chapter 6) found that disadvantaged 
children were at greater risk of GI infections than their less disadvantaged 
counterparts for NHS 111 calls. Study 3 also presents evidence to suggest that 
disadvantaged adults are at greater risk of GI infection than their less disadvantaged 
counterparts. This finding could reflect differential exposure, symptom recognition 
or healthcare interaction by SES.  
Objective 4: To explore the social patterning of clinical outcomes, healthcare 
contact and risk factors for a laboratory-confirmed, potentially severe, GI infection 
(STEC) and socio-demographic inequalities in risk of development of a serious 
sequela (HUS) in England 
Study 4 (Chapter 7) addressed the fourth objective of this thesis through the analysis 
of a national enhanced surveillance system for STEC infection and a national 
surveillance study of HUS. 
In England, disadvantaged individuals had a lower crude incidence of STEC 
infection compared to advantaged individuals. 
In Chapter 7, the social patterning of clinical outcomes (symptoms), healthcare 
contact and risk factors among STEC cases were explored. Overall crude incidence 
was significantly lower amongst the most disadvantaged compared to the least 
disadvantaged (IRR 0.65, 95% CI 0.58-0.73). this pattern was also reflected in the 
age- and sex-adjusted incidence rates for those over 5 years of age but, the 0-4 age 
group showed the opposite pattern, although the observed IRRs were not statistically 
significant for any age-group. 
Disadvantaged individuals with STEC infection had higher odds of presentation to 
A&E and hospitalisation but lower odds of visiting their GP.  




Disadvantaged individuals were more likely to report visiting A&E (OR 1.35, 95% 
CI 1.05-1.74) and being hospitalised (OR 1.71, 95% CI 1.36-2.15) but less likely to 
visit their GP (OR 0.67, 95% CI 0.53-0.84). These estimates were adjusted for 
potential severity and suggest that there may be differential interaction with 
healthcare services by SES. This could go some way to explaining the bias towards 
higher risk in less disadvantaged individuals if this group is more likely to present to 
their GP and therefore have a sample taken.  
Exposure to known risk factors for STEC was lower in more disadvantaged groups.  
Disadvantaged individuals were significantly less likely to report exposure to known 
risk factors for STEC infection including foreign travel, fresh water, walking in a 
paddock, contact with soil, taking a day trip and UK travel. This lower exposure to 
risk factors could lead to lower risk of infection compared to their more advantaged 
counterparts. There were no significant differences by SES for other commonly cited 
potential explanations for the differential risk by SES for STEC and other GI 
infections, such as eating out and consumption of high risk foods (e.g. fresh 
produce), with the exception of salad, fruit, vegetables or herbs. 
There was no significant difference in risk of progression from STEC infection to 
HUS amongst disadvantaged children compared to advantaged children. 
There was no significant difference in risk of progression to HUS in disadvantaged 
children with STEC compared to advantaged children with STEC. Lower risk of 
STEC and lack of evidence of a differential risk of HUS among more disadvantaged 
individuals is an interesting finding, given that evidence from the other studies in this 
thesis and the wider literature suggest higher risk of GI infection in disadvantaged 
children and generally higher risk of more severe consequences of GI infection in 
disadvantaged individuals. Lower risk of exposure to known risk factors for STEC 
amongst disadvantaged individuals, described above, could explain the lower risk of 
HUS progression amongst these groups.  
Summary 
In summary, disadvantaged children are at greater risk of GI infections compared to 
their less disadvantaged counterparts across high income countries and in England 
(Studies 1 and 3). In adults in high income countries, there was no difference in risk 




by SES (Study 1); however, individuals aged less than 60 years in disadvantaged 
areas had higher odds of GI infection symptoms than those in less disadvantaged 
areas based on over 24 million calls to NHS helplines in England (Study 3). 
Although Study 2 found that disadvantaged individuals were at lower risk of GI 
infections compared to their less disadvantaged counterparts, the response rate for 
this study was very low and disadvantaged individuals were underrepresented which 
is likely to have underestimated the risk of GI infection in this group. There was no 
evidence for a difference in risk of developing HUS in a paediatric population in 
England (Study 4).  
Differences in types of healthcare utilisation by SES were observed, with evidence 
that disadvantaged STEC cases were more likely to seek care through A&E and 
hospitalisation than their GP compared to less disadvantaged cases (Study 4). Study 
4 also provided evidence that known risk factors for STEC infection are socially 
patterned, with disadvantaged individuals less likely to report exposure to known risk 
factors.  
8.3 Contribution to knowledge  
As indicated previously, the review of the literature (Chapter 2) revealed significant 
gaps in the literature and limitations in the design of previously conducted studies. 
The four empirical studies in this thesis sought to address these methodological 
limitations and gaps through updating estimates of differential risk by SES in the 
UK, exploring community level socioeconomic inequalities in risk of GI infections 
without the requirement for healthcare interaction, exploring differential risk across 
the life course for children and adults separately and exploring differential risk 
factors for exposure to GI infections that were hypothesised in the literature but in 
the absence of evidence.  
The studies in this thesis have shown that socioeconomic inequalities in GI infections 
in the UK do exist; in particular that disadvantaged children are at greater risk of GI 
infections than their less disadvantaged counterparts. Whilst the community cohort 
analysis from the IID2 study found that disadvantaged individuals were at lower risk 
of IID, there was a low response rate, the effect of which was compounded by the 
fact that the sample of responders was biased in favour of more advantaged 
individuals and as such the risk of GI infection in disadvantaged groups is likely to 




be an underestimate. Amongst users of the NHS telephone-based healthcare advice 
service, people from more disadvantaged areas were more likely to call for GI 
symptoms compared to people calling from less disadvantaged areas. These findings 
provide robust estimates of the association between SES and GI infections at several 
levels of healthcare interaction and contribute substantially to the wider literature on 
this topic by providing robust evidence of socioeconomically-driven inequalities in 
GI infections and evidence to inform further studies exploring this relationship in 
other countries. 
Establishing evidence for an association between SES and GI infections  
The studies in this thesis show that SES-driven inequalities in risk of GI infections 
exist, and as such are potentially amenable to policy interventions.  Building on the 
inconsistent and conflicting findings identified by the review of the literature, Study 
1 (Chapter 4) constitutes an original contribution to the literature as it is the first 
systematic review and meta-analysis on this topic. The review showed that 
disadvantaged children, but not adults, are at greater risk of GI infections in high 
income countries. A previous but more limited systematic review explored the 
relationship between SES and foodborne illness using laboratory confirmed 
pathogens and found no consistent trends (Newman et al., 2015).  
Study 3 showed that people from more disadvantaged areas were more likely to call 
NHS 111 for GI symptoms compared to people calling from less disadvantaged 
areas. There have been limited studies exploring differential contact with telephone-
based health advice services by SES and none, to the best of my knowledge, which 
have explored this relationship with a specific focus on GI-related calls, thus the 
findings of Study 3 constitute an original contribution to the literature. Previous 
limited studies exploring the relationship between calls in general, not specifically GI 
calls, to healthcare services and SES reported inconclusive results. Two studies 
found higher rates of calls for medical advice in more disadvantaged areas (Cooper et 
al., 2005, Shah and Cook, 2008), although this differed by age and was not seen in 
calls regarding children (Cooper et al., 2005). In contrast, another study found a non-
linear relationship between use of telephone-based healthcare advice and SES, with 
lower rates in the most and least disadvantaged areas (Burt et al., 2003).  




A limitation of many studies exploring the relationship between SES and GI 
infection is the reliance on laboratory confirmation of a GI pathogen for inclusion in 
a study. There are therefore few population-based cohort studies that have been 
conducted in high income countries to investigate differences in risk of GI infection 
by SES. As with Study 1, studies finding higher risk in disadvantaged children could 
reflect differential severity. Indeed, analysis of the IID2 dataset to explore 
socioeconomic inequalities in consequences through symptom severity and sickness 
absence, found that more disadvantaged individuals were more likely to experience 
greater symptom severity and, largely as a result of this increased severity, a higher 
level of sickness absence (Rose et al., 2017).  
Study 2, a population- level cohort (IID2 Study) using an individual- level measure of 
SES, found that the most disadvantaged individuals were less likely to report GI 
symptoms compared to the least disadvantaged. As previously described, the 
response rate to this study was very low (9%) and varied by SES, with disadvantaged 
individuals being underrepresented and as such the risk of GI infection in 
disadvantaged individuals is likely to be underestimated. Study 4 suggested lower 
risk of STEC amongst the most disadvantaged and no significant difference in risk of 
developing HUS. Whilst this study was reliant on laboratory reporting, it also 
suggested evidence for differential healthcare seeking behaviour and exposure to risk 
factors by SES which could help to explain the differential risk of GI infection by 
SES identified in this thesis.  
Establishing evidence for an association between SES and GI infections across the 
life course  
The studies in this thesis provide consistent evidence of higher risk of GI infection in 
disadvantaged children. It is hypothesised that children may be more likely to present 
to healthcare services, regardless of SES, compared to adults, therefore it is possible 
that any ascertainment bias due to healthcare seeking behaviours is minimised in 
children and as such the findings from Study 1 could reflect a genuine difference in 
risk by SES. It is also possible that this finding reflects differential consequences of 
GI infection rather than differential risk. Arguably, this could relate back to 
differential contact with healthcare services, for example, if more disadvantaged 
individuals access care differently, or differential symptom recognition, for example, 




if more disadvantaged individuals recognise or act upon symptoms at a more 
advanced stage of illness. 
It has also been hypothesised previously that differential immunity may influence the 
observed differential risk. For example, in a study looking at STEC infection and 
HUS, Cleary and Lopez (1989) hypothesise that GI infection earlier in life amongst 
more disadvantaged children may allow these children to develop immunity prior to 
the age at which they would become most susceptible to illness and its consequences 
and thus reduce the burden of disease in disadvantaged adults. Drawing on studies 
conducted low income countries on Campylobacter (Fernández et al., 2008, Kakai et 
al., 1995, Lloyd-Evans et al., 1983, Quetz et al., 2010), as well as other bacteria and 
parasites (Nematian et al., 2004, O'Ryan et al., 2005), suggests that this could be a 
plausible explanation as such infections are seen almost exclusively in disadvantaged 
children (Fernández et al., 2008, Kakai et al., 1995, Lloyd-Evans et al., 1983, Quetz 
et al., 2010) but rarely in adults (Coker et al., 2002). In Study 1 the relationship 
between SES and GI infection was less clear for adults than for children, while in 
Study 3, there was evidence to suggest that the association with SES and GI infection 
was less clear for adults aged 60 and over. It is possible that this could reflect waning 
immunity and further research to explore whether differential immunity by SES 
exists and how this impacts on vulnerability to infection across all age groups is 
required.   
Establishing evidence for an association between SES and healthcare interaction for 
GI infections 
Study 4 presented evidence of differential reporting of healthcare contact by SES; 
more disadvantaged individuals were less likely to report contact with their GP and 
more likely to report contact with A&E or hospitalisation. This finding supports the 
hypothesis that differential healthcare contact may be mediating the relationship 
between SES and risk of GI infection. It could also reflect differential recognition of 
symptoms if the reason for the need for healthcare services providing a more urgent 
response, such as A&E compared to a GP, relates to symptom severity, although 
potential severity was adjusted for in this study. It could also be that access to, and 
quality of, GP services is poorer in more disadvantaged areas and residents may 
therefore bypass primary care and go straight to A&E.   




As discussed earlier, studies in this thesis have suggested that this may differ by type 
of healthcare contact, with evidence to suggest higher levels of referral to urgent 
healthcare services and use of NHS telephone-based healthcare advice (Study 3) and 
higher levels of presentation at A&E and hospitalisation compared to GP (Study 4). 
A study by Carlisle et al. (2002) found a higher proportion of out-of-hours, surgery 
consultations and same-day consultations in a disadvantaged GP practice compared 
to a less disadvantaged practice; routine visits by doctors and practice nurses did not 
have an association with deprivation. Higher referral rates in disadvantaged areas 
have also been identified (Hippisley-Cox et al., 1997). Deprivation is associated with 
shorter length of consultation (Stirling et al., 2001). Despite not investigating this 
specifically for GI infections, it raises the possibility of a potential differential 
interaction with healthcare services amongst disadvantaged compared to less 
disadvantaged individuals and a potential ‘inverse care law’ effect. The ‘inverse care 
law’ first described by Tudor Hart (1971) suggests that availability of medical care 
varies inversely with need for care. It is possible that whilst the most disadvantaged 
might be more likely to seek care, they may actually have greater barriers to 
accessing care and thus be underrepresented in national records of healthcare contact, 
including laboratory reporting. 
Limited analysis of differential healthcare contact has been undertaken for GI 
infections however where this has been explored, studies have found higher levels of 
healthcare seeking for diarrhoeal illness amongst more disadvantaged individuals. 
One study conducted in two areas of Tyneside, UK found that children in the less 
affluent area were more likely to present to primary care with an episode of diarrhoea 
(Edwards, 1996). The author of this study suggests that this could relate to greater 
difficulty in self-managing symptoms. Similarly a study conducted in the US found 
that among people with acute diarrhoea, lower household income and lower level of 
education was associated with higher odds of seeking medical care (Scallan et al., 
2006). Tam et al. (2003) found higher levels of GP attendance amongst more 
disadvantaged individuals with GI infections using the IID2 study data, with authors 
speculating that this could relate to an individual’s level of education influencing 
their health beliefs and awareness or ability to self-care. de Wit et al. (2001b) found 
that those with the lowest and highest education levels had the lowest levels of 
consulting their GP.  




Establishing evidence for an association between SES and exposures for GI 
infections 
In this section I will discuss the contribution of the studies in this thesis to our 
understanding of the potential mechanisms that may be driving these inequalities. 
Whilst I have been able to demonstrate evidence to suggest differential exposure 
using the case study of STEC infection, it is important to note that Study 4 explores 
exposures for one specific pathogen; exposures are likely to differ by pathogen and 
as such there are likely to be important exposures that are not captured in this dataset. 
The studies in this thesis contribute to the literature on GI epidemiology through 
improving our understanding of socioeconomic inequalities in exposure to GI 
infections. These studies have provided evidence that inequalities in exposure to GI 
infections exist, and as such are potentially amenable to policy interventions; by 
reducing exposure to GI infections there is an opportunity to modify risk of 
developing illness.  
Study 4 is a novel study exploring differential reporting of key risk factors for STEC 
infection. The results of Study 4 provide more robust evidence to answer the 
question of why inequalities in risk exist. Through Study 4 specific risk factors were 
identified which could provide evidence, rather than the hypotheses presented in 
other studies, of differential exposure to GI infections. Testing these hypotheses, 
Study 4 found that more disadvantaged groups were less likely to report foreign 
travel. Whilst it is possible that this reflects a social gradient in foreign travel at a 
population level, this is a known risk factor for STEC infection (Byrne et al., 2015, 
Parry et al., 1998) and therefore may reflect a genuine differential risk which 
contributes to the lower risk of STEC infection in disadvantaged individuals. 
Contrary to speculation in the literature cited above, Study 4 did not identify any 
differences by SES in reporting of food-related exposures, with the exception of 
fish/shellfish and salad/fruit/vegetables/herbs consumption (which were lower in 
more disadvantaged groups). More disadvantaged individuals were also less likely to 
report walking in a paddock or contact with soil. It is possible that these findings 
reflect social patterning of exposures in the general population although, if these 
results reflect genuine differential exposures by SES, these findings could suggest 
that inequalities in exposure to environmental risk factors, including travel, play a 
more important role in driving inequalities in risk of STEC infection. As there was 




no evidence to suggest differential exposure to other risk factors postulated as 
contributing to the differential risk, such as food related risk exposures; this finding 
provides greater clarity and evidence for the explanation of lower risk in more 
disadvantaged population groups. It could be that individuals with STEC do have 
different exposure to risk factors compared to the healthy population. Further 
research is required to test this hypothesis. 
Application of the Diderichsen model to GI infections  
An adaptation of the Diderichsen model (Diderichsen et al., 2001) was used as a 
theoretical and analytical framework to guide the analyses within this thesis. In this 
model differential exposure, differential vulnerability and differential consequences 
are key mechanisms through which SES may influence GI infections. Following on 
from the findings of the empirical studies within this thesis, an adapted Diderichsen 
model is presented (Figure 8.1) to demonstrate these mechanisms for GI infections. 
Differential exposure was explored in Study 4 through analysis STEC cases. Study 4 
suggested differential exposure to known risk factors for STEC by SES existed and 
could play a part in the differential risk observed within STEC infection and across 
the other studies in this thesis. Studies 1 and 3 suggested that disadvantaged children 
were at greater risk of GI infections – Study 1 also suggested that there was no 
differential risk for adults whilst Study 3 suggested disadvantaged groups of all ages 
are at greater risk of GI infections. Conversely Studies 2 and 4 suggested that 
disadvantaged individuals and groups were at lower risk of GI infections although 
biases in the study population in Study 2 may underestimate risk in disadvantaged 
individuals. Although it was not possible to explore differential vulnerability 
empirically in the studies in this thesis, the observed discrepancy between the studies 
in terms of differential risk could relate to differential vulnerability to infection 
through differential exposure or differential immunity. The relationship may also be 
explained by artefact explanations such as differential ascertainment at different 
levels of healthcare contact caused by differential healthcare interaction or 
differential access to services.  
Finally, work to explore the differential consequences of GI infections has also been 
undertaken by my PhD colleague, Tanith Rose. The findings from Rose’s studies 
indicate that those who are more disadvantaged experience more severe illness, 




greater sickness absence as a result (Rose et al., 2017), and higher risk of 
hospitalisation (Rose, 2017). Policies could be implemented to support appropriate 
access to healthcare services which would go some way to resolving any effect of an 
inverse care law in access. This could also help to reduce inequalities in 
consequences of GI infections by care being given at an earlier stage of illness and 
may help to reduce ascertainment bias and therefore present a clearer view of the 
association between GI infection and SES. Educational interventions to highlight 
potential risk factors for GI infections and ways to mitigate the risk of exposure may 
help to reduce differential risk of infection.   




Figure 8.1: Adaptation of the Diderichsen model outlining differential risk, 
vulnerability and consequences of GI infections and policy entry points 
Source: Adapted from Diderichsen et al. (2001) by Adams, this thesis 
 
 




8.4 Critique of overall study design 
The strengths and limitations of each study were discussed in their respective 
chapters (Chapters 4-7). The strengths and limitations of the overall thesis will be 
explored briefly below. This thesis brings together a series of novel analyses of 
existing datasets including novel data-linkages and application of statistical methods 
to explore the role of SES in influencing risk of and exposure to GI infections. 
Key strengths of the datasets 
One of the main strengths of this thesis is the measurement of inequalities in GI 
infections across a range of datasets. Triangulating the results across the four studies 
and multiple datasets enhances the validity of the findings and validates the 
consistency of the results, allowing several hypotheses to be tested. Furthermore, 
examining the issue from several perspectives - individuals not seeking healthcare; 
individuals seeking telephone-based healthcare advice; and individuals with a 
diagnosed GI infection, provides estimates of the association between socioeconomic 
inequalities and GI infections at different points in the healthcare pathway. The 
ability to include syndromic definitions of GI infection, which has not been widely 
considered previously potentially due to lack of robust datasets, is a particular 
strength of this work as it has allowed for consideration of populations who would 
not be identified via routine surveillance and would therefore not ordinarily be 
included in statistics. The inclusion of these individuals is vital if the hypothesis that 
there is differential healthcare interaction by SES is correct, as these associations 
would be challenging to detect if the study were restricted solely to laboratory 
confirmed infections.  
The studies in this thesis have also made wider contributions to our understanding of 
health inequalities through the exploration and consideration of healthcare interaction 
and risk factors for infection. This multi-level approach which triangulates the 
findings across several datasets and analyses could be applied to the exploration of 
inequalities in other infectious diseases. Across all studies, it was possible to take a 
number of key confounders into consideration and statistically account for missing 
data to increase the robustness of the findings and ensure high quality results. The 
identification of such confounders, as well as important considerations such as 




stratifying by age are valuable for future work exploring the association between 
SES and GI infections in high income countries. 
External validity is also high. These results provide more robust estimates and 
evidence for the associations described in previously published literature. The 
datasets included within this thesis are large, comprehensive and generally 
representative of both the wider population of the UK and other high income 
countries.  
Key limitations of the datasets 
The datasets were subject to a number of limitations including potential for 
misclassification of GI infections, lack of population- level data for risk-factor 
comparisons and lack of individual- level SES measures, response bias and 
unavailability of data on comorbidities, GP and hospitalisation data and data to 
explore differential vulnerability.   
A major limitation in Study 2 was that the participation in the IID2 cohort study was 
only 9% of the original number recruited and screened, and differed by SES as those 
who were most disadvantaged were underrepresented in comparison to the UK 
population. It is therefore possible that the estimates derived from this study are not 
reliable for the assessment of the role of SES in GI infections; this is supported by 
the weight of evidence from Study 3 which was an extremely large and 
representative dataset. It is also possible that some of the other datasets were not 
representative of the population. For the two telephone-based healthcare advice 
datasets (NHS Direct and NHS 111), the characteristics of individuals who do not 
make use of these services is not known. Postcode districts where no calls were made 
were included to minimise this issue. 
The results from the first three studies in this thesis were not pathogen specific. 
Including studies for which laboratory confirmation was not necessary may have led 
to misclassification but this possibility is small. In addition, although the wider 
literature is suggestive of differential risk between pathogens, one of the main 
hypotheses explored in this thesis was that of differential healthcare contact 
(including no contact) by SES therefore it was considered important to include data 




which did not require a diagnosis of a specific GI infection to assess whether there 
was any evidence for differential healthcare interaction. 
For several of the datasets included in this thesis there was a lack of population 
comparison. In the STEC dataset, it was not possible to compare the reporting of risk 
factors within the STEC population with the reporting of these in the general 
population and therefore it is possible that the differential reporting of risk factors 
identified may reflect differential reporting at the population- level.  
It was not possible to obtain details of comorbidities, an important covariate but one 
that is not routinely or robustly collected, which could have acted as a confounder or 
as an effect modifier of the relationship between SES and GI infections. There were 
also issues with missing data across several of the datasets. In the IID2 Study, the 
individual measure of SES, NS-SEC, was not classifiable for a relatively high 
proportion of participants (n=1,112, 16.3%). In the STEC and HUS datasets, 
ethnicity was missing for 19.1% and 20.1% respectively. As discussed in each of the 
relevant chapters and above, the use of multiple imputation to statistically impute 
values for each missing record allows participants with missing data to be included in 
the analysis which is a more robust approach than exclusion through complete-case 
analysis. 
Across all studies with the exception of IID2, there were no individual- level 
measures of SES. It is possible that area-level measures of SES do not adequately 
capture individual- level inequalities in risk of GI infections and as such the use of the 
area-level measures may mask some of these inequalities, although it is important to 
note that analyses at group- or area-level for diseases spread via person-to-person 
transmission may provide a more realistic estimate of risk compared with individual-
based interpretations which do not account for this – it is therefore possible that the 
ecological fallacy does not hold as strong for GI infections. Further research in this 
area should consider robust methods of capturing individual-level measures of SES 
despite the challenges this poses for routine data collection as often this is not the 
primary focus and a balance between data collection and non-response needs to be 
sought.    
Despite being one of the largest studies conducted on inequalities in HUS, no 
significant differential risk was identified. The results were suggestive of a lower risk 




of HUS amongst more disadvantaged children with STEC infection although it could 
be that this dataset was not large enough to detect a significant difference. Similarly, 
in the IID2 dataset, there was no significant difference in risk for children and it is 
possible that this subset of the main IID2 dataset was not large enough to detect a 
significant difference. 
Unfortunately, it was not possible to assess data to explore differential risk of GI 
infections at the GP or hospital level. This was mitigated somewhat by exploring 
healthcare contact by SES within the STEC cohort, using this diagnosed GI infection 
as a case-study. Furthermore, other work associated with this thesis explored 
inequalities in GI infection at the hospital level and found higher risk of 
hospitalisation in the most disadvantaged areas (Rose, 2017). Finally, it was also not 
possible to directly explore differential vulnerability to GI infections through these 
datasets.  
Key strengths of the analyses 
The analyses in this thesis were theoretically informed through the analytical 
framework of the Diderichsen model (Diderichsen et al., 2001) of the mechanisms of 
differential exposure and vulnerability in the pathway to health inequalities. 
Furthermore, the limitations of previously published studies have been taken into 
account when designing the analyses included in this thesis. The multidisciplinary 
expertise of the collaborators on the analyses within this thesis is also a key strength. 
Collaborators included experts in GI infections, epidemiology, public health, health 
inequalities and economics. Public involvement and engagement is a central part of 
the National Institute for Health Research Health Protection Unit in Gastrointestinal 
infections (NIHR HPRU in GI infections) and as such, lay members of the external 
advisory panel have also been involved in shaping the work in this thesis through 
feedback and participation at meetings. Although it was not possible to directly 
engage patients in the analyses due to use of secondary datasets, I participated in a 
workshop for schools to raise awareness of GI infections (National Institute for 
Health Research Health Protection Unit in Gastrointestinal infections, 2017). 
A variety of observational study designs were utilised. In Study 1, a systematic 
review and meta-analysis was used. This approach allows for a robust exploration of 
existing literature including statistically pooling results to provide estimates of risk of 




GI infections by SES using a much larger sample size than would otherwise be 
possible as well as harvest plots which allowed for a visual assessment of the 
strength and weight of the evidence. It provided a timely update of the situation in 
high income countries and the first meta-analysis on this topic. The remaining 
analyses were conducted on large national datasets. In Study 1, a prospective cohort 
study (IID2) was used. Prospective cohort studies are normally regarded as 
expensive and time consuming; however this was an efficient use of an existing 
dataset which provided robust measures of the incidence of GI infections by SES. As 
SES was collected at the beginning of the follow-up period, recall bias was 
minimised. Finally, Studies 3 and 4 were cross-sectional studies which were able to 
explore the relationship between SES and GI infection in defined populations with 
high quality exposure data, providing robust estimates of the associations between 
SES and GI infection. 
Key limitations of the analyses 
It was also not possible to classify a relatively high proportion of individuals by SES 
in the IID2 Study. Multiple imputation was used in order to account for this however 
this does not address the low response rate for this study which differed by SES.  
In several of the studies, with the exception of the IID2 Study, area-level SES was 
necessary to use due to the absence of individual- level measures. Despite being a 
commonly used measure of SES, it is important to acknowledge that using an area-
level measure could lead to ecological fallacy, particularly if inequalities at the 
individual- level are driving differential risk. This was largely countered by assessing 
the relationship across number of datasets and levels of healthcare contact and, as 
described above, area-level measures may more accurately estimate the relationship 
for diseases such as GI infections which have person-to-person transmission routes. 
The use of different SES measures across the studies is also a potential issue. This is 
particularly the case in the systematic review (Study 1) although across the other 
studies IMD was used to assess the relationship which improves the comparability 
between studies. This required individual postcodes to link to IMD scores from 
which population-level quintiles of deprivation were calculated. In the NHS Direct 
and NHS 111 datasets, only postcode district was available which is a larger 




geographical area than postcode. As such, this presents a larger risk of ecological 
fallacy.  
A lack of multiple measures of SES in Studies 3 and 4 meant that it was not possible 
to corroborate the findings within each study. Study 1 highlighted that multiple SES 
measures were used and in Study 2, the use of both an area-level and individual- level 
measure produced differing results; both found significant differences in incidence 
rates in the most disadvantaged compared to the least disadvantaged although there 
was no significant difference identified in hazard of GI infection in the most 
disadvantaged compared to least disadvantaged when using IMD. Further research 
should consider including multiple measures of SES. The studies in this thesis 
consistently use IMD, which is a commonly used measure of SES; however 
triangulating findings using multiple measures of SES may help to understand the 
role played by the measure of SES used.  
The IMD scores were converted to population- level IMD quintiles. This allowed for 
an assessment of the characteristics of the study population by SES in the context of 
the general population although grouping IMD scores in this way may have reduced 
the study power.   
The studies within this thesis were observational. Observational studies have a 
number of limitations. In the systematic review and meta-analysis (Study 1), there 
was a high level of heterogeneity between the studies and a large amount of 
unexplained heterogeneity, despite stratified analyses being conducted to explore 
this. This suggests that residual confounding caused by unmeasured variables are a 
potential issue and this is a possible limitation across all the studies within this thesis.  
With prospective cohort studies (Study 2), differential loss to follow up is regarded 
as a potential area for bias however differential follow-up time was accounted for in 
the analysis of this dataset. Participation bias was a major issue in Study 2, 
participation in this cohort study was low (9%) and higher SES groups were over-
represented, while lower SES were under-represented, which may have biased the 
results and provided an under-estimation of risk in more disadvantaged groups. 
Finally, the use of cross-sectional analyses (Studies 3 and 4) meant that it was not 
possible to determine causation; the risk factor associations identified (Study 4) 




could not be proven to be the cause of infection and it was not possible to assess the 
risk factor associations identified alongside a population- level comparator.  
Methodological developments 
The studies in this thesis have contributed a number of methodological developments 
for the investigation of socioeconomic inequalities in risk of and exposure to GI 
infections. I have applied systematic review and meta-analysis methods; making use 
of a novel data synthesis method, harvest plots. I have performed novel data linkage 
of large and routinely collected datasets; linked with population- level inequalities 
data to answer novel questions. A variety of analytical approaches have been used 
and where possible comparable analyses have been performed across the datasets. 
The studies in this thesis represent an in depth exploration of inequalities in GI 
infection. The approach used in this thesis could be applied to explore the role of 
inequalities in other infectious diseases.  
Consistency and conflicts between studies 
The studies in this thesis have provided consistent evidence that disadvantaged 
children are at greater risk of GI infection in comparison to their more advantaged 
counterparts; however the findings for adults were much less consistent.  
A large and methodologically robust systematic review and meta-analysis (Study 1) 
found quantitative evidence to support disadvantaged children being at greater risk of 
GI infections compared to more advantaged children, however there was no 
significant difference in risk by SES for adults. A systematic review is a robust and 
evidence-based method of collating empirical evidence based on pre-specified 
criteria to address a specific research question (Higgins and Green, 2011) and as 
such, the results of Study 1 provide strong evidence of the association between SES 
and GI infection in children.  
By contrast, a large prospective cohort study was used to assess this relationship 
(Study 2) in the community and found significantly lower risk in disadvantaged 
adults but no significant difference in risk for children. The point estimate for lower 
risk for disadvantaged adults was consistent with the point estimate for the reduced 
risk in disadvantaged adults in the systematic review (Study 1), although this was 
non-significant. Prospective cohort studies are widely regarded as the ‘gold-standard’ 




of epidemiological study designs and, as such, this is a robust dataset and the 
findings within this study may reveal real associations. There is a particular problem 
with the IID2 cohort study, however, in relation to the SES studies. There was 
substantial selection bias by SES within this study, with over-representation of 
professional and managerial classes and under-representation of lower manual and 
routine classes in recruitment and retention (Appendix 3.6). There is further potential 
for selection bias in relation to health outcomes, which could bias the results of the 
SES associations. This study adds to the methodological evidence base by 
identifying and highlighting the importance of considering selection bias by SES 
when analysing even gold standard cohort studies.  
Similarly, despite strong evidence of a significantly higher risk of GI infection in 
disadvantaged children in the systematic review, a retrospective paediatric cohort 
study (Study 4) was conducted and also found no significant difference in risk of 
developing HUS among paediatric STEC cases by SES. Retrospective cohort studies, 
despite having greater potential for bias than prospective cohort studies, are also 
considered to be robust study designs and the findings in this study are also likely to 
be real associations.  
Furthermore, a cross-sectional study of the social patterning of risk factors among 
STEC cases was undertaken and found disadvantaged individuals overall had a 
significantly lower risk of STEC compared to advantaged individuals, in agreement 
with Study 2. This pattern was also reflected in the age- and sex-adjusted incidence 
rates for those over 5 years of age however, the 0-4 age group showed the opposite 
pattern of higher risk in disadvantaged children although the observed IRRs were not 
statistically significant for any age-group.  
In agreement with the systematic review (Study 1), a large cross-sectional study 
exploring NHS telephone helpline data (Study 3) found significantly higher risk of 
calls for GI symptoms in children, as well as adults, from disadvantaged areas 
compared to more advantaged areas in NHS 111, although there was a significantly 
lower risk for children in NHS Direct and no difference for adults. NHS 111 is a 
freephone number and acts as an out-of-hours GP service, unlike NHS Direct, and 
resulted in much higher call volume which could explain this discrepancy. 
Furthermore, the lack of symptom data for infants under 1 in NHS Direct from 




November 2011 may have contributed to these findings. This was an extremely large 
study comprising data from over 24 million calls which increases the likelihood that 
the findings are true and not due to chance. These datasets are nationally 
representative in terms of coverage although it is possible that they may not be 
representative in terms of the use of telephone helplines by SES. Cross-sectional 
studies are considered to be less robust than the study designs described above but 
are useful to explore associations between an exposure and an outcome. While the 
finding of higher risk for disadvantaged children is consistent with the findings in 
Study 1 and the non-significant finding for higher risk of STEC infection in young 
children (0-4 years) in Study 4, this study was the only study in this thesis to find a 
higher risk of GI infection in adults.  
8.5 Implications of findings for policy and practice 
As has been clearly established throughout this thesis, GI infections place a 
considerable burden on the economy, society and individuals. There are an estimated 
17 million cases in the UK each year (Tam et al., 2011a), and this burden is not 
distributed equally across society with evidence that disadvantaged individuals, and 
disadvantaged children in particular, experience a greater share of the burden.  
Various agencies and individuals have specific responsibilities to identify and seek to 
address socioeconomic inequalities in health including clinicians, primary and 
secondary care, PHE, local authorities, policy makers, education systems and social 
care.  In the following sections I will make some reflections on the policy entry 
points using the framework of the Diderichsen model (Figure 8.1).  
This research forms part of the NIHR HPRU in GI infections, which aims to:  
“explore and explain the distribution of diarrhoeal diseases in the 
population, establishing for whom the disease burden is greatest and 
why...This integrated, inter-disciplinary research programme will generate 
new strategies for control, meeting Public Health England’s main objectives 
of addressing inequalities, protecting the country from infectious diseases, 
and being an evidence-led organisation that provides answers to public 
health problems.” 




(National Institute for Health Research Health Protection Unit in Gastrointestinal 
infections, 2014) 
The studies in this thesis have provided evidence to suggest that inequalities exist for 
GI infections; further evidence of inequalities in health more broadly in the UK; and 
has provided evidence of the magnitude of the problem. The evidence is particularly 
strong for GI infections in children; inequalities are most evident in the most 
vulnerable of populations; children living in disadvantaged circumstances.  
As David Taylor-Robinson stated as the keynote speaker at the 2017 PHE 
Conference: 
“[it is] absolutely baffling that we allow an exposure as toxic as child poverty 
- a modifiable exposure - to wash over such a large proportion of the 
children in this country. The central challenge to practitioners is to advocate 
for policies and practices that are going to improve the developmental 
trajectories of children especially those living in disadvantaged conditions as 
a way to improve their health and reduce inequalities over their life course.”  
(Taylor-Robinson, 2017) 
While risk factors for GI infections are generally well-understood and have resulted 
in multiple education and awareness campaigns on good food hygiene, for example, 
how to avoid cross-contamination (Food Standards Agency, 2014), little attention 
has been paid to the socioeconomic context in which personal behaviour takes place 
and wider barriers to infection control. This may be one reason why such general 
public education campaigns have not been particularly effective. Improvements in 
and ongoing routine data collection efforts to inform policy could be implemented to 
help inform action to tackle socioeconomic inequalities in GI infections. Such 
improvements in data collection through enhanced surveillance systems will be 
crucial in developing evidence for policy.  
Decreasing exposure 
As part of the PHE remit to protect and improve the nation’s health and wellbeing, 
reducing exposure to infectious diseases such as GI infections is important. Without 
on-going research to provide evidence of inequalities in GI infections, particularly 




with regards to these areas of differential exposure, immunity and healthcare 
interaction, it is not possible to develop effective policy responses. It could be 
beneficial to collect these data systematically and at an individual- level on 
representative population- level datasets as a priority for surveillance and research.  
More broadly, surveillance of GI infections needs to consider the potential for 
disadvantaged individuals to be underrepresented, particularly for milder GI 
infections where necessity for contact with healthcare services is reduced. 
Consideration of other data sources which do not require laboratory confirmation of 
pathogens would be beneficial in order to develop the evidence base for potential 
inequalities in healthcare access and utilisation. Improving our understanding of the 
level of underreporting by SES and different GI pathogens as well as by the different 
healthcare access points will also enable the burden of GI infections to be more 
accurately estimated.  
The Gastrointestinal Infections Department at PHE, responsible for national 
surveillance of GI pathogens, is considering how best to explore inequalities in GI 
infections and capture inequalities in routine data collection such as enhanced 
surveillance systems. In particular, I am in discussion with the surveillance leads to 
inform and advise on the improvements needed in data collection. Through these 
discussions, consideration is being given to changes in the collection of data on SES 
through routine enhanced surveillance questionnaires and questionnaires used in 
outbreaks in order to explore some of the findings of this thesis in detail for STEC 
and for other GI infections such as listeriosis. Furthermore, the methods used in this 
thesis can be used to study the role of socioeconomic inequalities in other infectious 
diseases. As was highlighted in the analysis of the IID2 data in Study 2 (Chapter 5), 
disadvantaged individuals are often much less likely to engage in studies compared 
to less disadvantaged individuals. Active recruitment of disadvantaged individuals, 
who would otherwise be lost of follow-up, would help to improve the availability of 
data through which to explore differential exposure. Surveillance of GI infections 
could also take into consideration the potential for disadvantaged individuals to 
access care differently, or to not access care at all.   




Preventing unequal consequences  
Whilst the focus of this thesis was on differential risk of and exposure to GI 
infections, differential consequences of GI infections were also identified. Policies 
aimed at reducing risk and exposures are likely to also reduce the risk of 
consequences of GI infection. Furthermore if, for example, social stratification 
results in seeking care at a later stage of illness leading to more severe disease (Rose 
et al., 2017), policies addressing awareness of healthcare access and improving 
employment situations could be crucial in redressing the inequalities in the 
consequences of GI.  Policies which seek to reduce the impact of sickness absence on 
children’s education and on family circumstances whilst ensuring disadvantaged 
individuals are not further disadvantaged could also be crucial in redressing the 
imbalance in the consequences of GI infections.    
8.6 Conclusions  
The studies in this thesis suggest that disadvantaged individuals and disadvantaged 
children in particular, are at greater risk of GI infections. Although Study 2 (Chapter 
5) found a lower risk in disadvantaged individuals, due to the low and biased 
response rate it is possible that this result is misleading; an assertion supported by the 
results of Study 3 (Chapter 6) which was an extremely large and representative 
study. 
There is evidence to suggest differential healthcare interaction or access by SES. 
This finding could reflect the need for more flexible healthcare services for 
disadvantaged groups if it is not possible for them to schedule appointments with 
their GP in accordance with other commitments such as lack of sick-leave or 
childcare. It is also possible that there are differential symptom recognition or self-
care abilities by SES leading to illness becoming more severe and requiring more 
urgent treatment.  
Differential exposure to GI infection by SES is likely to play a role in driving the 
differential risk of infection observed by SES. Although disadvantaged children have 
a higher risk of GI infections in general, there is no evidence to suggest they are at 
greater risk of developing HUS following infection with STEC, which could reflect 
the lower risk of exposure to known risk factors for STEC infection among 
disadvantaged individuals identified in Study 4.  




The studies in this thesis make an original contribution to the literature and to the 
study of socioeconomic inequalities in GI infections. The findings suggest the 
existence of inequalities which should be borne in mind by policy makers, clinicians 
and epidemiologists working in GI surveillance to reduce the burden of GI 
infections. Practically, steps should be taken to explore interventions and policies 
aimed at reducing the risk of, exposure to and consequences of GI infections, as well 
as considering the individual risk factors which may be contributing to increased 
risk. Given the high burden of GI infections both to society and the NHS, it could be 
beneficial to explore the efficacy of such policies in order to reduce this burden. 
8.7 Recommendations for further research  
GI infections are common and certain sociodemographic characteristics may affect 
the risk of or exposure to GI infections. It is of concern that disadvantaged children 
are at greater risk of infection in high income countries. This was not apparent with 
progression to HUS following STEC infection but further research is required in 
larger datasets to confirm these findings.  
Further work is currently in progress from this thesis. A complementary thesis 
exploring inequalities in the consequences of GI infections in the UK has been 
undertaken which found that disadvantaged individuals are at greater risk of the 
consequences of GI infections including sickness absence and symptom severity 
(Rose et al., 2017) and hospitalisation (Rose, 2017). 
The analysis of socioeconomic inequalities is challenging due to their multifactorial 
nature and as such, quantitative studies can be limited in their ability to provide some 
of the answers for the results found. A number of hypotheses using the quantitative 
analyses within this thesis have been suggested for testing using mixed methods and 
qualitative approaches as part of the further work of the HPRU: 
 Disadvantaged individuals may be treated differently by healthcare 
professionals; for example they may be less likely to request or have a stool 
sample take, or disadvantaged children may be more readily admitted to 
hospital because clinicians judge that their living conditions are not suitable 
for treatment at home.  
 




 Disadvantaged individuals may interact differently with healthcare services; 
for example they may have more barriers to accessing healthcare through 
their GP.  
 
 Disadvantaged individuals may have differential symptom recognition or 
self-care capabilities; for example they may delay seeking care until 
symptoms are more severe or be unable to rehydrate effectively. 
 
 Disadvantaged individuals may be exposed differently; for example they may 
undertake different activities.  
 
 Disadvantaged individuals may be more vulnerable to more severe 
consequences of GI infections; for example they may have comorbidities.  
 
Robust studies are also required to assess differential exposure to risk factors in the 
context of exposure to these factors in the wider public; the use of a control group in 
future studies would be beneficial. Assessment of differential exposure for other GI 
infections is also warranted as risk factors are likely to vary by pathogen. Expanding 
the methods in this thesis to explore inequalities in pathogen-specific risk could 
provide answers to some of the questions raised by the literature review and also the 
conflicting evidence presented for adults in the systematic review and meta-analysis.  
It would be beneficial to explore the hypothesis that disadvantaged children are 
exposed earlier, experience GI infection at an earlier age and at a greater rate and 
thus develop immunity prior to becoming most susceptible to the potential for severe 
disease. Understanding how childhood exposure impacts on risk in adulthood would 
also potentially explain the differential risk across the life course. As it was not 
possible to explore differential vulnerability in this thesis, research into this potential 
mechanism is crucial to complete the picture of the pathways to inequalities for GI 
infections. Future studies could make use of the methods proposed by Nordahl et al. 
(2014) to test for both differential exposure and vulnerability to GI infections as 
these have been demonstrated to operate at the same time and are not mutually 
exclusive (Nordahl et al., 2014). Through this approach it is possible to quantify the 
role of differential vulnerability and differential exposure separately. 




The differential healthcare contact observed among STEC cases could suggest 
differences in healthcare interaction amongst disadvantaged STEC cases in terms of 
interacting with or access to services or potentially recognition of symptoms at a 
more advanced stage of illness. Further studies are now needed to robustly assess 
these hypotheses, both for STEC and for other GI pathogens including non-
laboratory confirmed illnesses. Assessing inequalities in GI infection at the GP level 
would be beneficial to completing the healthcare contact patterns observed through 
the studies in this thesis. Including distance to GP in future analyses may improve 
our understanding of inequalities in healthcare access. Additionally, assessment of 
the relationship between SES and GI infections following the rotavirus vaccine 
introduction in datasets such as HES or in GP datasets would be informative.  
Finally, exploration of the role of SES in GI infection risk, exposure and 
consequences could also be expanded to assess inequalities amongst older age 
groups, which would be complemented by a greater understanding of the role of 
comorbidities in risk and consequences of GI infections. Further work in this area 
will help to identify those at greatest risk of exposure to and consequences of GI 
infections which will help to inform policies and interventions to reduce the risk, 
vulnerability and social, economic and healthcare consequences of GI infections in 
the UK.  
8.8 Reflections on the PhD experience  
Undertaking this research has been an invaluable learning experience. I have gained 
skills and experience in conducting academically rigorous research and in the use of 
statistical methods with broad applicability including systematic review, meta-
analysis, missing data methods and survival analysis. I have also had the opportunity 
to develop analytical skills in both Stata and R statistical software packages. 
If I were to undertake this PhD again, I would have liked to conduct primary data 
collection of a community cohort ensuring that participation of disadvantaged 
individuals was central to the data collection methodology. Unfortunately it was not 
possible to obtain the planned linked dataset, due to unforeseen complications in 
access to data, which would have contained data from PHE laboratory reports, HES 
and GP data. Whilst this meant it was necessary to rethink the structure of this 




research, it also made it possible to analyse other distinct datasets which have 
provided up to date assessments of the situation along the healthcare pathway.  
This PhD studentship has been unconventional in the sense that I have been fortunate 
to have six supervisors and have had joint supervision with another PhD student. 
Whilst this had the potential to be a chaotic approach, the reality is that this has 
formed a strong, cross-disciplinary collaboration which will be continuing on from 
these PhD studies.   
Following on from this research, I plan to establish a health inequalities interest 
group at PHE Colindale for infectious diseases specifically to promote cross-learning 
and sharing of best practice for research and policy. I also plan to explore the role of 
socioeconomic inequalities in risk and consequences of Listeria monocytogenes for 
which PHE have an enhanced surveillance system and I hope to evaluate the impact 
of the rotavirus vaccine using syndromic surveillance systems, including assessing 
whether the vaccine resulted in any differential impact by SES. I will be advocating 
for the systematic collection of individual- level socioeconomic data through 
enhanced surveillance systems for GI infections in order to provide further 
information with which to assess the role of socioeconomic inequalities for specific 
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Appendix 2.3: Systematic review search terms 
Medline (Ovid) 
 
#1. Exp Socioeconomic Factors/ 
#2. Education*.mp. 










#13. Salary.mp.    
#14. Underprivileged.mp. 
#15. Social determinant*.mp. 
#16. (Social adj1 factor*).mp 
#17. Socio*.mp 
 
#18. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 
 
#19. exp Norovirus/ 
#20. Acute gastroenteritis.mp. 
#21. infectious intestinal disease*.mp. 
#22. gastrointestinal infection*.mp. 
#23. exp Diarrhea/ 
#24. Rotavirus.mp. 
#25. gastrointestinal pathogen*.mp. 
#26. gastrointestinal bacteria.mp. 
#27. enteric infection*.mp. 
#28. diarrh*.mp. 
#29. stomach flu.mp. 
#30. gastric flu.mp. 
#31. stomach bug*.mp. 
#32. stomach virus*.mp. 
#33. Exp Campylobacter/ 
#34. Exp Escherichia coli/ 
#35. Enterobacteriaceae Infection*.mp. 
#36. Dysentery, Bacillary.mp 
#37. Exp Escherichia coli Infections/  
#38. Yersinia enterocolitica.mp. 
#39. Exp Salmonella Infections/  
#40. Exp Cryptosporidiidae/ 
#41. Exp Salmonella/ 
#42. Exp Shigella/ 
#43. Exp Giardia/ 
#44. Escherichia coli.mp. 
#45. Exp Listeria/ 
#46. Small round structured virus*.mp. 









#52. exp Foodborne Diseases/ 
#53. Food poisoning*.mp. 
#54.  Scombro*.mp. 
#55. Clostridium perfringens.mp. 
#56. Bacillus cereus.mp. 
#57. Hepatitis A.mp. 
#58. Hepatitis E.mp. 
 
#59. 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 
35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 
51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 
 
#60. exp Australia/ 
#61. exp Austria/ 
#62. exp Belgium/ 
#63. exp Canada/ 
#64. exp Chile/ 
#65. exp Czech Republic/ 
#66. exp Denmark/ 
#67. exp Estonia/ 
#68. exp Finland/ 
#69. exp France/ 
#70. exp Germany/ 
#71. exp Greece/ 
#72. exp Hungary/ 
#73. exp Iceland/ 
#74. exp Ireland/ 
#75. exp Israel/ 
#76. exp Italy/ 
#77. exp Japan/ 
#78. exp Korea/ 
#79. exp Luxembourg/ 
#80. exp Mexico/ 
#81. exp Netherlands/ 
#82. exp New Zealand/ 
#83. exp Norway/ 
#84. exp Poland/ 
#85. exp Portugal/ 
#86. exp Slovak Republic/ 
#87. exp Slovenia/ 
#88. exp Spain/ 
#89. exp Sweden/ 
#90. exp Switzerland/ 
#91. exp Turkey/ 
#92. exp United Kingdom/ 
#93. exp United States/ 
 




#94. 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 
76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 
92 or 93 
 
#95.       18 and 59 and 94 
 
 
Scopus  - TITLE-ABS-KEY     WOS Core Collection - Topic 
 
 
#1. “Career mobility” 
#2. Poverty 
#3. “Social class*” 









#13. Disadvantag*   
#14. Salary 
#15. Underprivileged 
#16. “Social determinant*” 
#17. Social pre/1 factor*     Social near/1 factor* 
#18. Socio* 
#19. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18  
 
#20. Norovirus 
#21. “Norwalk virus” 
#22. “Acute gastroenteritis” 
#23. “Infectious intestinal disease*” 
#24. “Gastrointestinal infection*” 
#25. Rotavirus 
#26.  “Gastrointestinal pathogen*” 
#27. “Gastrointestinal bacteria” 
#28.  “Enteric infection*” 
#29. Diarrh* 
#30. “Stomach flu” 
#31. “Gastric flu” 
#32. “Stomach bug*” 
#33. “Stomach virus*” 
#34. “Escherichia coli” 
#35. "Enterobacteriaceae Infection*” 
#36. Dysentery Bacillary 
#37. “Yersinia enterocolitica” 
#38. “paratyphoid fever” 




#39. “typhoid fever” 
#40. “Small round structured virus*” 











#52. “Foodborne Disease*” 
#53. Botulism 
#54. “Staphylococcal Food Poisoning*” 
#55. “Food poisoning*” 
#56. Scombro* 
#57. “Clostridium perfringens” 
#58. “Bacillus cereus” 
#59. “Hepatitis A” 
#60. “Hepatitis E” 
 
#61. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 
36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 
52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60  
 
#62. Australia* 
#63. “New South Wales” 








#72. “British Columbia” 
#73. Manitoba 
#74. “New Brunswick” 
#75. “Newfoundland and Labrador” 
#76. “Northwest Territories” 
#77. “Nova Scotia” 
#78. Nunavut 
#79. Ontario 
#80. “Prince Edward Island” 
#81. Quebec 
#82. Saskatchewan 
#83. “Yukon Territory” 









































#121. “United Kingdom” 
#122. “Great Britain” 







#130. “United States” 
#131. “Appalachian Region” 
#132. Alabama 




















#149. “Mid-Atlantic Region” 
#150. Delaware 
#151. “District of Columbia” 
#152. Baltimore 













#166. “New Hampshire” 







#174. “Pacific States” 
#175. Alaska 
#176. California 
#177. “Los Angeles” 


















#191. 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 
or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 
95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 
109 or 110 or 111 or 112 or 113 or 114 or 115 or 116 or 117 or 118 or 119 or 120 or 121 or 122 
or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 130 or 131 or 132 or 133 or 134 or 135 or 
136 or 137 or 138 or 139 or 140 or 141 or 142 or 143 or 144 or 145 or 146 or 147 or 148 or 149 
or 150 or 151 or 152 or 153 or 154 or 155 or 156 or 157 or 158 or 159 or 160 or 161 or 162 or 
163 or 164 or 165 or 166 or 167 or 168 or 169 or 170 or 171 or 172 or 173 or 174 or 175 or 176 
or 177 or 178 or 179 or 180 or 181 or 182 or 183 or 184 or 185 or 186 or 187 or 188 or 189 or 
190 
 
#192. 19 and 61 and 191 
 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 2.5: Excluded studies with rationale 
First Author Year Reason for exclusion 
Admoni 1995 Non OECD at time of data collection 
Aksoy 2007 Asymptomatic participants potentially included 
Allerberger 1996 No analysis by disadvantaged compared to advantaged 
Alter 1982 Outcome not acute-GI infection 
Alter 1989 Outcome not acute-GI infection 
Alvarado-Esquivel 2014 Asymptomatic participants potentially included 
Alvarez-Muñoz 1999 Asymptomatic participants potentially included 
Andrews 2003 No analysis by disadvantaged compared to advantaged 
Araya 1986 Non OECD at time of data collection 
Art  1991 No analysis by disadvantaged compared to advantaged 
Baaten 2007 Asymptomatic participants potentially included 
Baker 2012 Outcome not acute-GI infection 
Bell 2005 Asymptomatic participants potentially included 
Bilenko 1999 Non OECD at time of data collection 
Blackman 1989 No analysis by disadvantaged compared to advantaged 
Bojalil 1994 Non OECD at time of data collection 
Bollag 1980 No analysis by disadvantaged compared to advantaged 
Bolumar 1995 Asymptomatic participants potentially included 
Boreham 1981 Asymptomatic participants potentially included 
Bozkurt  2001 No analysis by disadvantaged compared to advantaged 
Brandt 1983 No analysis by disadvantaged compared to advantaged 
Brieseman 1985 No analysis by disadvantaged compared to advantaged 
Brieseman 1990 No analysis by disadvantaged compared to advantaged 
Britt  2005 No analysis by disadvantaged compared to advantaged 
Broner 2010 Outcome not acute-GI infection 
Bryant 1989 No analysis by disadvantaged compared to advantaged 
Bura 2012 Asymptomatic participants potentially included 
Burström 2005 Data collected pre-1980 
Buti 2006 Asymptomatic participants potentially included 
Bytzer 2001 Outcome not acute-GI infection 
Calderon 1990  Not available in English 
Callery 2010 Outcome not acute-GI infection 
Cantey 2011 No population comparison 
Cedillo-Rivera 2009 Asymptomatic participants potentially included 
Çeliksöz 2005a Asymptomatic participants potentially included 
Çeliksöz 2005b Asymptomatic participants potentially included 
Ceran 2012 Asymptomatic participants potentially included 
Cevahir 2013 Asymptomatic participants potentially included 
Ceyhan 2008 Asymptomatic participants potentially included 
Charlett 2003 No analysis by disadvantaged compared to advantaged 
Chiaramonte 1983 Asymptomatic participants potentially included 
Cifuentes 1999 Outcome not acute-GI infection 
Cifuentes 2002 Study participants duplicated elsewhere 
Cilla 2010 No analysis by disadvantaged compared to advantaged 
Colak 2002 Asymptomatic participants potentially included 
Collins 2015 Outcome not acute-GI infection 
Connelly  2014 Outcome not acute-GI infection 
Conway 1990 Outcome not acute-GI infection 
Cross 2009 No analysis by disadvantaged compared to advantaged 
Davila 2009 No analysis by disadvantaged compared to advantaged 
Davis 2013 No analysis by disadvantaged compared to advantaged 




First Author Year Reason for exclusion 
De Wit 2001b No analysis by disadvantaged compared to advantaged 
Deveci 2014 Asymptomatic participants potentially included 
Diel  2001 No analysis by disadvantaged compared to advantaged 
Ditah 2014 Asymptomatic participants potentially included 
Domínguez 2007 Asymptomatic participants potentially included 
Doni 2015 No analysis by disadvantaged compared to advantaged 
Dostal 2001 No analysis by disadvantaged compared to advantaged 
Drobeniuc 2013 No analysis by disadvantaged compared to advantaged 
Dubnov 2004 Non OECD at time of data collection 
Ekramul Hoque 2002 No analysis by disadvantaged compared to advantaged 
Ellencweig  1986 Non OECD at time of data collection 
elSaadany 2002 No analysis by disadvantaged compared to advantaged 
Erdogan 2012 Asymptomatic participants potentially included 
Erdogan 2004 Asymptomatic participants potentially included 
Ersoy 1998 Asymptomatic participants potentially included 
Escobedo 2011 No analysis by disadvantaged compared to advantaged 
Esparza-Aguilar 2014 Outcome not acute-GI infection 
Esparza-Aguilar 2013 Outcome not acute-GI infection 
Faulkner 2003 Asymptomatic participants potentially included 
Feeney 1998 Outcome not acute-GI infection 
Fewtrell 1994 Study participants duplicated elsewhere 
Finkelman 1994 Non OECD at time of data collection 
Ford-Jones 2000 No analysis by disadvantaged compared to advantaged 
Forman 1984 No analysis by disadvantaged compared to advantaged 
Forsberg 2009 Review/case report/RCT 
Francis 1984 No analysis by disadvantaged compared to advantaged 
Fraser 1998 Non OECD at time of data collection 
Frost  2004 Asymptomatic participants potentially included 
Galanis 2014 No population comparison 
Gangarosa 1992 Outcome not acute-GI infection 
Gastañaduy 2013 No analysis by disadvantaged compared to advantaged 
Gibson 1985 Outcome not acute-GI infection 
Gomes 2011 Outcome not acute-GI infection 
Graham 1988 No analysis by disadvantaged compared to advantaged 
Grimwood 2006 No population comparison 
Guerrero 2004 No analysis by disadvantaged compared to advantaged 
Haley 2010 No analysis by disadvantaged compared to advantaged 
Hannah 2005 Outcome not acute-GI infection 
Harter 1982 No analysis by disadvantaged compared to advantaged 
Hayes-Bautista 1994 No analysis by disadvantaged compared to advantaged 
Hemmelgarn 1993 No analysis by disadvantaged compared to advantaged 
Hepworth 2010 Study participants duplicated elsewhere 
Hizo-Abes 2013 No population comparison 
Ho 1988 Non OECD at time of data collection 
Hoque 2002 No analysis by disadvantaged compared to advantaged 
Howell 2006 Outcome not acute-GI infection 
Huerta 2006 No analysis by disadvantaged compared to advantaged 
Hughes 2013 Outcome not acute-GI infection 
Ikram 1994 No analysis by disadvantaged compared to advantaged 
Imhoff 2004 Study participants duplicated elsewhere 
Jayasinghe 2013 No analysis by disadvantaged compared to advantaged 
Jiménez-Moleón 2011 No analysis by disadvantaged compared to advantaged 
Jones 2007 No analysis by disadvantaged compared to advantaged 




First Author Year Reason for exclusion 
Jones 1994 Review/case report/RCT 
Julio 2012 Asymptomatic participants potentially included 
Kanra 2002 Asymptomatic participants potentially included 
Kapperud 2003 No analysis by disadvantaged compared to advantaged 
Kapperud 1995 No analysis by disadvantaged compared to advantaged 
Karaman 2015 No analysis by disadvantaged compared to advantaged 
Kaya 2007 Asymptomatic participants potentially included 
Koopman 1989 Asymptomatic participants potentially included 
Krebs 2011 Non OECD at time of data collection 
Kruszon-Moran  2005 Asymptomatic participants potentially included 
Kuhls 1994 No analysis by disadvantaged compared to advantaged 
Kurugöl 2003 No population comparison 
Kurugöl 2011 Asymptomatic participants potentially included 
Kurugöl 2009 Asymptomatic participants potentially included 
Kyle 2012 Outcome not acute-GI infection 
Lazcano-Ponce 2013 Asymptomatic participants potentially included 
Leach 1999 Asymptomatic participants potentially included 
Leach 2000 Asymptomatic participants potentially included 
Lee 2013 No analysis by disadvantaged compared to advantaged 
LeJeune 2010 Review/case report/RCT 
Lerman 1999 No analysis by disadvantaged compared to advantaged 
Leshem 2015 No analysis by disadvantaged compared to advantaged 
Letaief 2005 Asymptomatic participants potentially included 
Levesque 2013 No analysis by disadvantaged compared to advantaged 
Levine 1993 No analysis by disadvantaged compared to advantaged 
Levy 1998 No analysis by disadvantaged compared to advantaged 
Liddle 1997 No analysis by disadvantaged compared to advantaged 
Long 2006 Review/case report/RCT 
Lopman 2012 Outcome not acute-GI infection 
Lupo 1989 No analysis by disadvantaged compared to advantaged 
Ma 2009 No analysis by disadvantaged compared to advantaged 
Maguire 1995 No analysis by disadvantaged compared to advantaged 
Majowicz 2004 Study participants duplicated elsewhere 
Maltezou 2001 No population comparison 
Manasek 2004 No analysis by disadvantaged compared to advantaged 
Maral 2010 Asymptomatic participants potentially included 
Markus 2011 Asymptomatic participants potentially included 
Martínez-García 1989 Non OECD at time of data collection 
Masia 2004 No analysis by disadvantaged compared to advantaged 
McCann 2002 No analysis by disadvantaged compared to advantaged 
McQuillan 2004 Asymptomatic participants potentially included 
Medeiros 2006 Review/case report/RCT 
Mehal 2012 Outcome not acute-GI infection 
Mor 2015 Asymptomatic participants potentially included 
Morales 1992 Asymptomatic participants potentially included 
Morris 1983 Data collected pre-1980 
Moyo 2014 Non OECD at time of data collection 
Muhsen 2014 Non OECD at time of data collection 
Muhsen 2010 Non OECD at time of data collection 
Mullner 2010 No analysis by disadvantaged compared to advantaged 
Naess 2012 No population comparison 
Najnin 2014 No analysis by disadvantaged compared to advantaged 
Nathwani 1995 Review/case report/RCT 




First Author Year Reason for exclusion 
Nelson 1985 Review/case report/RCT 
Newbold 2013 No analysis by disadvantaged compared to advantaged 
Newman  1999 No quantitative results 
Nicoll 2000 No analysis by disadvantaged compared to advantaged 
Noone 2000 No analysis by disadvantaged compared to advantaged 
North 1999 No analysis by disadvantaged compared to advantaged 
Novotny 1990 Asymptomatic participants potentially included 
Ochnio 2005 Asymptomatic participants potentially included 
Okur 2011  Not available in English 
Okyay 2004 Asymptomatic participants potentially included 
Olcay 2003 Asymptomatic participants potentially included 
Olsen 2006 No analysis by disadvantaged compared to advantaged 
Omurtag 2013 No analysis by disadvantaged compared to advantaged 
Ong 2012 No analysis by disadvantaged compared to advantaged 
Ostan 2007 Asymptomatic participants potentially included 
Ozturk 2004 No analysis by disadvantaged compared to advantaged 
Ozturk 1996 Outcome not acute-GI infection 
Painter 2015 No analysis by disadvantaged compared to advantaged 
Palti 1984 Non OECD at time of data collection 
Parashar 1998 Outcome not acute-GI infection 
Pasquini 1984 Asymptomatic participants potentially included 
Patel 2015 Asymptomatic participants potentially included 
Peasey 2004 Asymptomatic participants potentially included 
Pérez-Rubio 2011 No analysis by disadvantaged compared to advantaged 
Pollock 2006 No analysis by disadvantaged compared to advantaged 
Potter 2003 No analysis by disadvantaged compared to advantaged 
Psichogiou 1995 No analysis by disadvantaged compared to advantaged 
Quihui 2010 Asymptomatic participants potentially included 
Quihui 2006 Asymptomatic participants potentially included 
Quihui-Cota 2015 Asymptomatic participants potentially included 
Quinlan 2013 Review/case report/RCT 
Rajan 1998 Asymptomatic participants potentially included 
Redlinger 1998 No analysis by disadvantaged compared to advantaged 
Redlinger 1997 Asymptomatic participants potentially included 
Redlinger 2002 No analysis by disadvantaged compared to advantaged 
Rees 1995 No analysis by disadvantaged compared to advantaged 
Ricotta 2014 No analysis by disadvantaged compared to advantaged 
Rishpon 1984 Non OECD at time of data collection 
Roos 2005 Outcome not acute-GI infection 
Russo 1997 Outcome not acute-GI infection 
Sandberg 2006 No analysis by disadvantaged compared to advantaged 
Scavia 2012 No analysis by disadvantaged compared to advantaged 
Schmeer 2009 No analysis by disadvantaged compared to advantaged 
Sénécal 2008 No population comparison 
Sepulveda 1988 Non OECD at time of data collection 
Silk 2012 Review/case report/RCT 
Snel 2009a Study participants duplicated elsewhere 
Snel 2009b No analysis by disadvantaged compared to advantaged 
Spencer 1988 Non OECD at time of data collection 
Stafford 2007 No analysis by disadvantaged compared to advantaged 
Standeart  2015 No analysis by disadvantaged compared to advantaged 
Stone 1993 No population comparison 
Strauss 2001 No analysis by disadvantaged compared to advantaged 




First Author Year Reason for exclusion 
Stroffolini 1990 Asymptomatic participants potentially included 
Stroffolini 1991 Asymptomatic participants potentially included 
Stroffolini 1989 Asymptomatic participants potentially included 
Stroffolini 1996 Outcome not acute-GI infection 
Studahl 2000 No analysis by disadvantaged compared to advantaged 
Talbot-Smith 2002 No analysis by disadvantaged compared to advantaged 
Tappero 1995 No analysis by disadvantaged compared to advantaged 
Termorshuizen 2000 Asymptomatic participants potentially included 
Teshale 2015 Asymptomatic participants potentially included 
Thomas 1993 Asymptomatic participants potentially included 
Thomas 2008 No analysis by disadvantaged compared to advantaged 
Thomas 2011 Non OECD at time of data collection 
Thoren 1995 No analysis by disadvantaged compared to advantaged 
Thoren 1988 No analysis by disadvantaged compared to advantaged 
Thornley 2002 No analysis by disadvantaged compared to advantaged 
Thrane 2005 No quantitative results 
To 1996 Outcome not acute-GI infection 
Tosun 2004 Asymptomatic participants potentially included 
Uhlig 2014 No analysis by disadvantaged compared to advantaged 
Vancelik 2006 Asymptomatic participants potentially included 
Vasquez-Garibay 2015 Asymptomatic participants potentially included 
Verma 2014 Non OECD at time of data collection 
Vranckx 1990 Data collected pre-1980 
Vranckx 1984 Asymptomatic participants potentially included 
Vrbova 2012 No analysis by disadvantaged compared to advantaged 
Vulcano 2007 Asymptomatic participants potentially included 
Warburton 1994 No analysis by disadvantaged compared to advantaged 
Withers 2002 No analysis by disadvantaged compared to advantaged 
Yapicioglu 2002 Asymptomatic participants potentially included 
Yoon 2014 Asymptomatic participants potentially included 
Zaidi 2012 No analysis by disadvantaged compared to advantaged 
Ziv 2011 Non OECD at time of data collection 
 
  








Year of publication 
Aim/hypothesis 
Study design 






Method of sampling cases 
GI way of measurement and data source 
General SES 
SES measure 
SES data source 
Covariates controlled for 
Significant results GI infection & SES (p<0.05) 
Nonsignificant results GI infection & SES 
Conclusion1: lower SES is associated with increased risk, incidence or prevalence of GI 
Conclusion2: no significant relation GI & SES 
Conclusion3: higher SES is associated with increased risk, incidence or prevalence of GI 










Appendix 2.7: Liverpool Quality Assessment Tools 
Source: Pope (2015) 
  


































Appendix 2.8: Summary data for studies included in meta-analysis (n=77) 
Study Estimate  Lower CI Upper CI SE Measure  Adjusted 
Adlam 2011 1.11 0.67 2 0.278986 Relative Risk Yes 
Arena 2014  0.42 0.15 1.16 0.521821 Odds Ratio Yes 
Arsenault 2012 0.85 0.72 1 0.084203 Relative Risk Yes 
Baker 1998  1.32 1.19 1.45 0.050411 Odds Ratio Yes 
Banatvala 1999 0.79 0.7 0.9 0.064311 Odds Ratio No 
Barros 2003  1.59 0.85 2.94 0.316563 Odds Ratio No 
Beaudry 1995 0.68 0.29 1.64 0.441982 Rate Ratio No 
Bemis 2014 0.6 0.57 0.63 0.027352 Relative Risk Yes 
Bessell 2010 0.78 0.75 0.81 0.022206 Relative Risk Yes 
Biering-Sørensen 2012 1.52 1.44 1.61 0.028467 Hazard Ratio Yes 
Bless 2014  2 1.25 3.33 0.249956 Odds Ratio Yes 
Borgnolo 1996  1.86 1.03 3.38 0.303142 Odds Ratio Yes 
Bozkurt 1999 1.12 0.5 2.46 0.40464 Odds Ratio No 
Bozkurt 2003 2.07 1.59 2.71 0.136766 Relative Risk No 
Britton 2010  0.76 0.7 0.82 0.040995 Rate Ratio Yes 
Cohen 2008  0.44 0.24 0.8 0.305204 Odds Ratio Yes 
Cohen 2008  0.35 0.11 1.08 0.57852 Odds Ratio Yes 
Danis 2009 0.89 0.37 2.16 0.451019 Odds Ratio No 
de Wit 2001  0.65 0.56 0.75 0.074525 Odds Ratio Yes 
Dennehy 2006 1.5 1 2.3 0.212477 Odds Ratio Yes 
Doorduyn 2012  1.52 0.91 2.55 0.264194 Relative Risk Yes 
Doré 2004  0.6 0.3 0.9 0.280258 Odds Ratio Yes 
Duggirala 2005  5.26 1.67 16.67 0.586935 Odds Ratio Yes 
Ethelberg 2006  1.39 1.11 1.81 0.124736 Odds Ratio Yes 
Etiler 2004 1.89 1.2 2.96 0.230323 Relative Risk No 
Evans 2006  0.97 0.9 1.05 0.039324 Odds Ratio Yes 
Faustini 2006  0.26 0.08 0.91 0.62026 Odds Ratio Yes 
Faustini 2006  0.37 0.05 2.5 0.997965 Odds Ratio No 
Fein 1995 0.52 0.43 0.63 0.095954 Odds Ratio No 
Friedman 2004 0.56 0.43 0.71 0.127929 Odds Ratio No 
Fullerton 2007 4.69 3.17 6.93 0.199784 Odds Ratio No 
Gillespie 2008  0.94 0.9 0.99 0.024314 Relative Risk No 
Gillespie 2010 1.38 1.16 1.65 0.089887 Rate Ratio No 
Green 2006  0.67 0.57 0.79 0.083264 Rate Ratio Yes 
Hall 2006  1.11 0.45 2.5 0.437449 Odds Ratio Yes 
Hu 2009 1.15 1.02 1.3 0.0608 Relative Risk Yes 
Hughes 2015  0.82 0.76 0.88 0.038597 Rate Ratio Yes 
Jackson 2015  4 3.6 4.6 0.062531 Rate Ratio Yes 
Jalava 2011 0.58 0.41 0.81 0.171663 Relative Risk Yes 
Jones 2007  0.8 0.6 1 0.130313 Relative Risk No 
Kass 1992 1.25 0.49 3.17 0.475587 Odds Ratio No 
Kum-Nji 2009  0.84 0.46 1.54 0.308243 Relative Risk Yes 
Lake 2007  0.83 0.79 0.88 0.027523 Odds Ratio Yes 




Study Estimate  Lower CI Upper CI SE Measure  Adjusted 
Lal 2012  0.67 0.66 0.68 0.007616 Rate Ratio No 
Ludvigsson 2006  1.93 1.21 3.06 0.236682 Odds Ratio No 
Majowicz 2007  0.83 0.5 1.37 0.257132 Odds Ratio Yes 
McPherson 2009 0.78 0.31 1.95 0.469301 Odds Ratio No 
Moorin 2010 1.61 1.54 1.67 0.020556 Odds Ratio No 
Neal 1997 1.07 0.33 3.44 0.595801 Odds Ratio No 
Odoi 2004 1.61 1.09 2.38 0.200025 Rate Ratio Yes 
Olowokure 1999  1.82 1.71 1.94 0.03182 Rate Ratio No 
Olowokure 1999 2.25 2.15 2.35 0.022107 Rate Ratio No 
Özkan 2007  3.54 1.24 10.16 0.536568 Odds Ratio Yes 
Özmert 2008  2.7 1.2 5.9 0.406283 Odds Ratio Yes 
Phillips 2011  2.3 1.4 3.9 0.261353 Odds Ratio Yes 
Pollard 2014  0.78 0.63 0.95 0.104781 Odds Ratio Yes 
Pyra 2012  0.66 0.56 0.77 0.079617 Rate Ratio Yes 
Rodrigues 2001 0.9 0.5 1.6 0.296722 Odds Ratio No 
Sargeant 2008 1.27 0.78 2.05 0.245748 Odds Ratio No 
Satterthwaite 1999  2 0.93 4.35 0.393558 Odds Ratio Yes 
Scallan 2004 0.77 0.61 0.97 0.118326 Odds Ratio Yes 
Seo 2013 0.39 0.17 0.93 0.435138 Odds Ratio No 
Sethi 2001  1.2 0.71 2.04 0.269245 Odds Ratio No 
Simonsen 2008  0.92 0.9 0.94 0.012321 Rate Ratio Yes 
Simonsen 2008  1.03 1 1.07 0.017628 Rate Ratio Yes 
Spencer 2012 0.75 0.64 0.89 0.083929 Relative Risk Yes 
Stafford 1996 1.09 1 1.19 0.045284 Rate Ratio No 
Tam 2013  0.82 0.64 1.03 0.121389 Hazard Ratio Yes 
Teschke 2010  1.18 1.03 1.34 0.06712 Odds Ratio No 
Turkish Ministry of Health 1995 1.82 1.4 2.3601 0.133861 Odds Ratio No 
Unicomb 2008 1.67 1.25 2 0.119899 Odds Ratio No 
Van Cauteren 2012  0.45 0.29 0.71 0.228414 Odds Ratio No 
Varga 2013 0.98 0.81 1.18 0.096343 Rate Ratio Yes 
Weisent 2012 1.42 1.15 1.75 0.10542 Rate Ratio Yes 
Whitney 2015  0.25 0.14 0.46 0.306296 Rate Ratio No 
Whitney 2015  1.09 0.92 1.27 0.081684 Rate Ratio No 
Wilking 2012  1.57 0.89 2.75 0.286373 Relative Risk Yes 
Wilking 2012  1.62 1.36 1.93 0.088512 Relative Risk Yes 
Wilking 2013  1.15 0.92 1.44 0.114292 Odds Ratio Yes 
Xu 2015 0.86 0.69 1.08 0.113668 Relative Risk Yes 
Younus 2007  0.71 0.65 1 0.109894 Rate Ratio Yes 
Younus 2010 0.86 0.38 1.94 0.414516 Odds Ratio No 
Zappe Pasturel 2013 1.38 1.21 1.57 0.066443 Rate Ratio Yes 
CI - Confidence Interval; SE - Standard Error   
 
  




Appendix 2.9: PRISMA 2009 checklist 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 3 (Supplementary material pertaining to Chapter 5 – Study 2) 
Appendix 3.1: IID2 Cohort Study baseline questionnaire (Adults) 
Source: Tam et al. (2011a) 
 















Appendix 3.2: IID2 Cohort Study baseline questionnaire (Children) 
Source: Tam et al. (2011a) 
 
















Appendix 3.3: IID2 Cohort Study case questionnaire (Adults) 
Source: Tam et al. (2011a) 
 






















Appendix 3.4: IID2 Cohort Study case questionnaire (Children) 
Source: Tam et al. (2011a) 
 



















































































































































































































































































































































































































































































































































































































Appendix 3.5: Sensitivity analysis – multiple spells of follow up (n subjects=9332; n 
failures=1010) 
  




Appendix 3.6: IID2 study population compared to UK population (Office for National 
Statistics [dataset], 2011). 
NS-SEC* IID2 UK population 
Managerial/professional 52% 31% 
Intermediate 15% 22% 
Routine/manual 17% 33% 
*Recoded from five class self-coded version to three-class version (Office for National Statistics, 2010) 
 
  




Appendix 4: (Supplementary material pertaining to Chapter 6 – Study 3) 








GI-calls overall 2.7 2.7 2.8 3.0 2.9 
Female 3.0 3.0 3.2 3.4 3.3 
Male 2.4 2.4 2.5 2.6 2.5 
0-4 17.7 17.5 17.3 16.5 14.1 
5-9 2.1 2.1 2.2 2.2 2.0 
10-14 0.9 1.0 1.1 1.1 0.9 
15-19 2.0 2.1 2.3 2.4 2.3 
20-59 1.9 1.9 2.0 2.1 2.1 
60+ 1.8 1.8 1.9 2.0 2.0 
Non GI-calls overall 36.1 36.6 38.5 41.4 43.3 
Female 41.3 41.9 44.5 48.2 50.7 
Male 30.7 31.0 32.4 34.3 35.7 
0-4 146.3 142.7 138.7 129.7 112.4 
5-9 26.7 26.5 26.9 26.1 23.7 
10-14 17.5 17.5 18.2 17.9 16.7 
15-19 34.1 36.0 39.4 43.3 46.0 
20-59 32.4 33.5 35.9 39.3 42.7 
60+ 25.7 26.1 27.3 28.8 29.7 
NHS 111 
GI-calls overall 5.4 6.4 7.5 7.8 8.1 
Female 6.2 7.4 8.6 9.0 9.3 
Male 4.5 5.3 6.3 6.6 6.9 
0-4 34.9 42.1 49.0 48.7 46.7 
5-9 3.7 4.3 5.2 5.6 5.6 
10-14 1.7 2.0 2.3 2.4 2.4 
15-19 3.7 4.6 5.6 6.0 6.3 
20-59 2.9 3.6 4.2 4.4 4.5 
60+ 5.4 6.1 6.9 6.7 6.4 
Non GI-calls overall 118.3 121.6 129.6 134.1 125.0 
Female 133.6 137.8 147.0 153.1 143.0 
Male 102.4 104.8 111.4 114.5 106.7 
0-4 381.8 384.5 383.7 355.2 289.9 
5-9 91.5 91.8 94.8 90.9 76.0 
10-14 55.0 55.2 55.8 55.4 49.1 
15-19 104.5 110.9 123.7 133.6 131.2 
20-59 91.5 95.9 105.4 113.6 113.3 
60+ 137.7 139.8 147.2 152.4 133.9 
 
 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 4.5: Univariate and multivariable regression analysis GI calls full model – 
NHS Direct (n=24,985) 
Variable Category Univariate Multivariable
a
 p value 
  RR (95%  CI) RR (95%  CI)  
IMD Quintile 1 (least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.00 (0.99-1.01) 1.02 (1.00-1.04) 0.05 
 3 1.04 (1.03-1.05) 1.02 (1.00-1.04) 0.10 
 4 1.10 (1.09-1.11) 1.04 (1.02-1.06) <0.001 
 5 (most disadvantaged) 1.07 (1.05-1.08) 1.01 (0.99-1.03) 1.00 
Age Group 0-4 8.17 (8.12-8.22) 1.25 (1.22-1.29) <0.001 
 5-9 1.06 (1.06-1.07) 1.47 (1.40-1.56) <0.001 
 10-14 0.51 (0.50-0.52) 0.63 (0.58-0.68) <0.001 
 15-19 1.12 (1.11-1.14) 0.92 (0.87-0.97) <0.01 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 0.95 (0.94-0.96) 1.02 (0.99-1.05) 1.00 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.28 (1.27-1.28) 1.63 (1.62-1.65) <0.001 
Urban decile (% ) <10 0.72 (0.71-0.72) 0.76 (0.75-0.76) <0.001 
 10-19 0.77 (0.76-0.79) 0.80 (0.78-0.81) <0.001 
 20-29 0.82 (0.81-0.84) 0.85 (0.83-0.86) <0.001 
 30-39 0.83 (0.82-0.85) 0.85 (0.83-0.87) <0.001 
 40-49 0.87 (0.85-0.88) 0.90 (0.88-0.91) <0.001 
 50-59 0.86 (0.84-0.87) 0.87 (0.85-0.88) <0.001 
 60-69 0.91 (0.90-0.93) 0.92 (0.91-0.93) <0.001 
 70-79 0.97 (0.95-0.98) 0.98 (0.97-1.00) 0.05 
 80-89 0.95 (0.93-0.96) 0.95 (0.94-0.96) <0.001 
 90-100 1.00 (reference) 1.00 (reference)  
Age Group * Sex 0-4: Female - 0.60 (0.59-0.61) <0.001 
 5-9: Female - 0.62 (0.60-0.64) <0.001 
 10-14: Female - 0.65 (0.63-0.68) <0.001 
 15-19: Female - 1.26 (1.23-1.30) <0.001 
 60+: Female - 0.90 (0.89-0.92) <0.001 
Age Group * IMD Quintile 0-4: 2 - 0.96 (0.93-0.99) <0.001 
 0-4: 3 - 0.92 (0.89-0.94) <0.001 
 0-4: 4 - 0.82 (0.80-0.84) <0.001 
 0-4: 5 - 0.72 (0.69-0.74) <0.001 
 5-9: 2 - 0.96 (0.91-1.02) 1.00 
 5-9: 3 - 1.00 (0.94-1.06) 1.00 
 5-9: 4 - 0.92 (0.87-0.98) <0.01 
 5-9: 5 - 0.84 (0.79-0.90) <0.001 
 10-14: 2 - 1.06 (0.98-1.16) 1.00 
 10-14: 3 - 1.09 (1.01-1.19) 0.05 
 10-14: 4 - 1.03 (0.95-1.12) 1.00 
 10-14: 5 - 0.92 (0.84-1.00) 0.10 
 15-19: 2 - 1.04 (0.98-1.11) 1.00 
 15-19: 3 - 1.10 (1.04-1.17) <0.01 
 15-19: 4 - 1.07 (1.01-1.14) 0.05 
 15-19: 5 - 1.04 (0.98-1.11) 1.00 
 60+: 2 - 0.97 (0.94-1.01) 1.00 
 60+: 3 - 1.01 (0.98-1.05) 1.00 
 60+: 4 - 0.98 (0.95-1.02) 1.00 
 60+: 5 - 0.98 (0.95-1.02) 1.00 
RR – Risk Ratio; a Adjusted for all other covariates in the model 
 
  




Appendix 4.6: Univariate and multivariable regression analysis GI calls full model – 
NHS 111 (n=24,985)  
Variable Category Univariate Multivariable
a
 p value 
  RR (95%  CI) RR (95%  CI)  
IMD Quintile 1 (least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.19 (1.18-1.20) 1.23 (1.21-1.26) <0.001 
 3 1.39 (1.38-1.41) 1.42 (1.40-1.45) <0.001 
 4 1.46 (1.45-1.47) 1.46 (1.44-1.49) <0.001 
 5 (most disadvantaged) 1.50 (1.49-1.52) 1.50 (1.47-1.53) <0.001 
Age Group 0-4 11.31 (11.26-11.36) 18.54 (18.12-18.97) <0.001 
 5-9 1.24 (1.23-1.25) 1.90 (1.81-2.00) <0.001 
 10-14 0.54 (0.54-0.55) 0.82 (0.77-0.88) <0.001 
 15-19 1.34 (1.33-1.35) 1.07 (1.02-1.12) <0.01 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 1.58 (1.57-1.59) 2.05 (2.00-2.11) <0.01 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.37 (1.36-1.38) 2.00 (1.98-2.01) <0.001 
Urban decile (% ) <10 0.73 (0.73-0.74) 0.84 (0.83-0.84) <0.001 
 10-19 0.84 (0.83-0.85) 0.96 (0.94-0.97) <0.001 
 20-29 0.84 (0.83-0.85) 0.93 (0.91-0.94) <0.001 
 30-39 0.91 (0.90-0.92) 0.97 (0.96-0.99) <0.001 
 40-49 0.93 (0.92-0.94) 1.02 (1.01-1.04) <0.001 
 50-59 0.88 (0.87-0.90) 0.94 (0.93-0.95) <0.001 
 60-69 0.83 (0.82-0.84) 0.89 (0.81-0.90) <0.001 
 70-79 0.95 (0.94-0.95) 0.97 (0.96-0.98) <0.001 
 80-89 0.94 (0.94-0.95) 0.99 (0.98-1.00) 0.05 
 90-100 1.00 (reference) 1.00 (reference)  
Age Group * Sex 0-4: Female - 0.48 (0.47-0.49) <0.001 
 5-9: Female - 0.51 (0.50-0.53) <0.001 
 10-14: Female - 0.56 (0.54-0.58) <0.001 
 15-19: Female - 1.34 (1.31-1.37) <0.001 
 60+: Female - 0.84 (0.83-0.85) <0.001 
Age Group * IMD Quintile 0-4: 2 - 0.97 (0.94-1.00) 0.05 
 0-4: 3 - 0.96 (0.94-0.99) <0.01 
 0-4: 4 - 0.91 (0.89-0.93) <0.001 
 0-4: 5 - 0.85 (0.82-0.87) <0.001 
 5-9: 2 - 0.94 (0.89-0.99) 0.05 
 5-9: 3 - 0.97 (0.92-1.02) 1.00 
 5-9: 4 - 0.98 (0.93-1.03) 1.00 
 5-9: 5 - 0.96 (0.90-1.01) 0.10 
 10-14: 2 - 0.96 (0.90-1.03) 1.00 
 10-14: 3 - 0.95 (0.89-1.02) 1.00 
 10-14: 4 - 0.93 (0.87-1.00) 0.05 
 10-14: 5 - 0.90 (0.84-0.98) <0.01 
 15-19: 2 - 1.00 (0.95-1.05) 1.00 
 15-19: 3 - 1.04 (0.99-1.09) 1.00 
 15-19: 4 - 1.05 (1.00-1.11) 0.05 
 15-19: 5 - 1.06 (1.01-1.12) 0.05 
 60+: 2 - 0.92 (0.89-0.94) <0.001 
 60+: 3 - 0.88 (0.86-0.91) <0.001 
 60+: 4 - 0.82 (0.79-0.84) <0.001 
 60+: 5 - 0.74 (0.72-0.77) <0.001 
RR – Risk Ratio; a Adjusted for all other covariates in the model 
 
  




Appendix 4.7: Univariate and multivariable regression analysis GI calls – Sensitivity 
postcode districts with population=0 recoded to population=1 by system 
Variable Category Univariate Multivariable
a
 p value 
  RR (95%  CI) RR (95%  CI)  
NHS Direct (n=25,008) 
IMD Quintile 1 (least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 
 3 1.04 (1.03-1.05) 0.99 (0.98-1.01) 1.00 
 4 1.10 (1.09-1.11) 0.97 (0.96-0.98) <0.001 
 5 (most disadvantaged) 1.07 (1.05-1.08) 0.88 (0.87-0.89) <0.001 
Age Group 0-4 8.17 (8.12-8.22) 8.19 (8.14-8.24) <0.001 
 5-9 1.06 (1.06-1.07) 1.06 (1.05-1.08) <0.001 
 10-14 0.51 (0.50-0.52) 0.51 (0.50-0.52) <0.001 
 15-19 1.12 (1.11-1.14) 1.13 (1.11-1.14) <0.001 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 0.95 (0.94-0.96) 0.95 (0.94-0.96) <0.001 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.28 (1.27-1.28) 1.31 (1.30-1.32) <0.001 
Urban decile (% ) <10 0.72 (0.71-0.72) 0.75 (0.75-0.76) <0.001 
 10-19 0.77 (0.76-0.79) 0.80 (0.78-0.81) <0.001 
 20-29 0.82 (0.81-0.84) 0.85 (0.83-0.86) <0.001 
 30-39 0.83 (0.82-0.85) 0.85 (0.83-0.86) <0.001 
 40-49 0.87 (0.85-0.88) 0.90 (0.88-0.91) <0.001 
 50-59 0.86 (0.84-0.87) 0.87 (0.85-0.88) <0.001 
 60-69 0.91 (0.90-0.93) 0.92 (0.91-0.93) <0.001 
 70-79 0.97 (0.95-0.98) 0.98 (0.97-1.00) 0.05 
 80-89 0.95 (0.93-0.96) 0.95 (0.94-0.96) <0.001 
 90-100 1.00 (reference) 1.00 (reference)  
NHS 111 (n=25,008) 
IMD Quintile 1 (least disadvantaged) 1.00 (reference) 1.00 (reference)  
 2 1.19 (1.18-1.20) 1.19 (1.18-1.20) <0.001 
 3 1.39 (1.38-1.41) 1.36 (1.35-1.37) <0.001 
 4 1.46 (1.45-1.47) 1.35 (1.34-1.36) <0.001 
 5 (most disadvantaged) 1.50 (1.49-1.52) 1.32 (1.31-1.33) <0.001 
Age Group 0-4 11.31 (11.26-11.36) 11.32 (11.34-11.38) <0.001 
 5-9 1.24 (1.23-1.25) 1.25 (1.24-1.26) <0.001 
 10-14 0.54 (0.54-0.55) 0.55 (0.54-0.59) <0.001 
 15-19 1.34 (1.33-1.35) 1.35 (1.33-1.36) <0.001 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 1.58 (1.57-1.59) 1.58 (1.58-1.59) <0.001 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.37 (1.36-1.38) 1.46 (1.45-1.46) <0.001 
Urban decile (% ) <10 0.73 (0.73-0.74) 0.84 (0.83-0.85) <0.001 
 10-19 0.84 (0.83-0.85) 0.96 (0.94-0.97) <0.001 
 20-29 0.84 (0.83-0.85) 0.92 (0.91-0.94) <0.001 
 30-39 0.91 (0.90-0.92) 0.97 (0.96-0.99) <0.001 
 40-49 0.93 (0.92-0.94) 1.02 (1.01-1.04) <0.001 
 50-59 0.88 (0.87-0.90) 0.94 (0.93-0.95) <0.001 
 60-69 0.83 (0.82-0.84) 0.89 (0.88-0.90) <0.001 
 70-79 0.95 (0.94-0.95) 0.97 (0.96-0.98) <0.001 
 80-89 0.94 (0.94-0.95) 0.99 (0.98-1.00) 0.05 
 90-100 1.00 (reference) 1.00 (reference)  
RR – Risk Ratio; a Adjusted for all other covariates in the model  




Appendix 4.8: Univariate and multivariable regression analysis GI-calls – Sensitivity 
IMD score and proportion of population classed as urban as continuous variables by 
system 
Variable Category Univariate Multivariable a p value 
  RR (95% CI) RR (95% CI)  
NHS Direct (n=24,985) 
IMD Score  1.00 (1.00-1.00) 1.00 (1.00-1.00) <0.001 
Age Group 0-4 8.17 (9.12-8.22) 8.19 (8.14-8.24) <0.001 
 5-9 1.06 (1.04-1.07) 1.06 (1.05-1.08) <0.001 
 10-14 0.51 (0.50-0.52) 0.51 (0.50-0.52) <0.001 
 15-19 1.12 (1.11-1.14) 1.13 (1.11-1.14) <0.001 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 0.95 (0.94-0.96) 0.95 (0.94-0.96) <0.001 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.28 (1.27-1.28) 1.31 (1.30-1.32) <0.001 
Urban (%)  1.00 (1.00-1.00) 1.00 (1.00-1.00) <0.001 
NHS 111 (n=24,985) 
IMD Score  1.01 (1.01-1.01) 1.00 (1.00-1.00) <0.001 
Age Group 0-4 11.31 (11.26 -11.36) 11.30 (11.25-11.36) <0.001 
 5-9 1.24 (1.23-1.25) 1.25 (1.23-1.26) <0.001 
 10-14 0.54 (0.54-0.55) 0.55 (0.54-0.57) <0.001 
 15-19 1.34 (1.33-1.35) 1.35 (1.33-1.36) <0.001 
 20-59 1.00 (reference) 1.00 (reference)  
 60+ 1.58 (1.57-1.59) 1.59 (1.58-1.60) <0.001 
Sex Male 1.00 (reference) 1.00 (reference)  
 Female 1.37 (1.36-1.38) 1.40 (1.39-1.40) <0.001 
Urban (%)  1.00 (1.00-1.00) 1.00 (1.00-1.00) <0.001 
RR – Risk Ratio; a Adjusted for all other covariates in the model  
 
  




Appendix 4.9a: Univariate and multivariable regression analysis GI calls – 
Sensitivity analysis <1 year olds excluded NHS Direct (n=24,985) 
Age group IMD Quintile  RR
a
 (95% CI) p value 
0-4 1 (Least disadvantaged) 1.00 (reference)  
 2 1.02 (1.00-1.04) <0.001 
 3 1.01 (0.99-1.03) <0.001 
 4 0.97 (0.95-0.98) <0.001 
 5 (Most disadvantaged) 0.83 (0.82-0.85) <0.001 
a
Adjusted for sex, % urban 
 
Appendix 4.9b: Rates per 10,000 person-months and incidence rate ratio for exposed 
(most disadvantaged) compared to unexposed (least disadvantaged) in NHS Direct 
by age group Sensitivity analysis <1 year olds included compared to <1 year olds 
excluded  
 
<1s Included <1s Excluded 
GI calls 
Overall rate 0-4 16.5 11.5 
0-4 Rate/10,000* in most disadvantaged 14.1 9.8 
0-4 Rate/10,000* in least disadvantaged 17.7 12.2 
Incidence rate ratio (95% CI) 0.79 (0.78-0.81) 0.80 (0.78-0.82) 
Overall rate 5+ 2.0 2.0 
5+ Rate/10,000* in most disadvantaged 2.0 2.0 
5+ Rate/10,000* in least disadvantaged 1.8 1.8 
Incidence rate ratio (95% CI) 1.10 (1.08-1.12) 1.10 (1.08-1.12) 
Non-GI calls 
Overall rate 0-4 132.7 86.0 
0-4 Rate/10,000* in most disadvantaged 112.4 71.2 
0-4 Rate/10,000* in least disadvantaged 146.3 96.4 
Incidence rate ratio (95% CI) 0.77 (0.76-0.77) 0.74 (0.73-0.75) 
Overall rate 5+ 33.3 33.3 
5+ Rate/10,000* in most disadvantaged 37.6 37.6 
5+ Rate/10,000* in least disadvantaged 29.3 29.3 
Incidence rate ratio (95% CI) 1.28 (1.28-1.29) 1.28 (1.28-1.29) 
*person-months 
  




Appendix 5: (Supplementary material pertaining to Chapter 7 – Study 4) 
Appendix 5.1: Vero cytotoxin-producing Escherichia coli Enhanced Surveillance 
Questionnaire
 


































Appendix 5.2: BPSU Case Notification Form - HUS 
 
  







































Appendix 5.3: Characteristics of cohort participants by HUS status (n=1,059) 
  No HUS HUS 
  n (%) n (%) 
Total  852 (80.5) 207 (19.6) 
IMD Quintile  1 (Least Disadvantaged) 198 (80.8) 47 (19.2) 
 2 186 (84.2) 35 (15.8) 
 3 166 (75.8) 53 (24.2) 
 4 142 (76.8) 43 (23.2) 
 5 (Most Disadvantaged) 160 (84.7) 29 (15.3) 
Age group <1 64 (91.4) 6 (8.6) 
 1-4 370 (76.1) 116 (23.9) 
 5-9 239 (80.7) 57 (19.3) 
 10-15 179 (86.5) 28 (13.5) 
Sex Female 400 (77.5) 116 (22.5) 
 Male 452 (83.2) 91 (16.8) 
Age and Sex Female <1 24 (85.7) 4 (14.3) 
 Female 1-4 171 (74.0) 60 (26.0) 
 Female 5-9 117 (79.1) 31 (20.9) 
 Female 10-15 88 (80.7) 21 (19.3) 
 Male <1 40 (95.2) 2 (4.8) 
 Male 1-4 199 (78.0) 56 (22.0) 
 Male 5-9 122 (82.4) 26 (17.6) 
 Male 10-15 91 (92.9) 7 (7.1) 
Ethnicity White 552 (80.5) 134 (19.5) 
 Non-white 138 (88.5) 18 (11.5) 
 Unknown 162 (74.7) 55 (23.4) 
Travel Yes 128 (85.3) 22 (14.7) 
 No 724 (79.7) 185 (20.4) 
Rurality Rural 230 (80.4) 56 (19.6) 
 Urban 622 (80.5) 151 (19.5) 
Region East Midlands 65 (81.3) 15 (18.8) 
 East of England 57 (80.3) 14 (19.7) 
 London 93 (81.6) 21 (18.4) 
 North East 64 (77.1) 19 (22.9) 
 North West 153 (77.7) 44 (22.3) 
 South East 92 (78.6) 25 (21.4) 
 South West 101 (75.9) 32 (24.1) 
 West Midlands 96 (84.2) 18 (15.8) 
 Yorkshire and Humber 131 (87.3) 19 (12.7) 
Stx Stx1 17 (94.4) 1 (5.6) 
 Stx2 609 (81.7) 136 (18.3) 
 Stx1+2 219 (96.9) 7 (3.1) 
 Serology 7 (10.6) 59 (89.4) 
 Unknown 0 (0.0) 4 (100.0) 
Symptoms Diarrhea 803 (80.3) 197 (19.7) 
 Bloody diarrhea 432 (74.0) 152 (26.0) 
 Nausea 278 (75.8) 89 (24.3) 
 Vomiting 330 (66.1) 169 (33.9) 
 Abdominal pain 574 (78.2) 160 (21.8) 
 Fever 273 (76.7) 83 (23.3) 
Healthcare contact Antibiotics  53 (40.8) 77 (59.2) 
 NHS Direct 67 (72.0) 26 (28.0) 
 GP 570 (83.7) 111 (16.3) 
 A&E 186 (66.9) 92 (33.1) 
 Other healthcare contact 98 (74.8) 33 (25.2) 
 Hospital 223 (52.4) 203 (47.6) 
HUS – hemolytic uraemic syndrome; stx – shiga toxin; NHS Direct – National Health Service telephone 
advice line, now NHS 111; GP – General Practitioner; A&E – accident and emergency  
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Appendix 6.4: Socioeconomic status is associated with symptom severity and 
sickness absence in people with infectious intestinal disease in the UK
 





















































Appendix 6.5: Relationship between socioeconomic status and gastrointestinal 
infections in developed countries: A systematic review and meta-analysis
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